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High Altitude 


and 
Satellite Rockets 


yre Proceedings of the two-day Technical Symposium held at the College 

of Aeronautics in July 1957, and organised by the Royal Aeronautical 
Society, the British Interplanetary Society, and the College of Aeronautics. 
The Contents include the 12 papers by British and American authors, with 
their discussions, and a statement made by the Soviet Delegates on launching 
sites in the U.S.S.R. 


‘“‘The book is a welcome addition to the technical literature” 
—The New Scientist, Ist January 1959 


PRICE—-To Members of the Royal Aeronautical Society and 
To Members of the British Interplanetary Society 22s 6d net 


To Non-Members 32s 6d net 


OBTAINABLE FROM 


THE ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE, LONDON W.1 
Grosvenor 3515-9 
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Success in our business doesn’t merely 
mean the ability to manufacture, though we are 
extremely well equipped, even to the extent of 
having our own aluminium flux bath brazing 
plant 


Success to us, means the ability to solve 
problems; to produce something that will do a 
new job, or perhaps an old job in never-before- 
experienced circumstances. And then, of course, 
to make it a practical and economical proposi- 
tion 


We have forty years experience and wide 
resources. If we can help you in any way with 
heat exchange and insulation equipment, 
please contact us. We are always at your 
service 


These thermal blankets are made 
of refractory fibre cased in ‘O04 in 
(1016 mm) stainless steel They are 
made-to-measure and are extremely 
light, the dimpled construction being 
responsible for their great strength 
Specified for Rolls-Royce and Arm 
Siddeley jet and turbo-prop 
engines, these particular examples are 
shown fitted to the Rolls-Royce thrust 
reverser for the de Havilland Comet. 


We design, manufacture and supply 
heat exchangers for many purposes 
in both aluminium alloy and stainless 
steel. This particular example is for 
the Vickers Vanguard's  anti-icing 
system. Similar units are being sup- 
plied for the Fokker Friendship, the 
Bristol Britannia, the Armstrong Whit- 
worth Argosy, the Vickers Viscount 
and the Handley Page Herald 


High pressure fuel-cooled oil 

3 ooler for high performan Las tur- 

hine engines. This unit is used in the 

Armstrong Siddeley Sapphire $.A.7 

ViSiT US ON STAND No. 127A AT THE 
PARIS AIR SHOW 


Vulcan Works, Edgware Rd., London, NW2 Tel: GLAdstone 2201 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY} [ADVERTISEMENTS MAY 1959 


4 
: 
~ 
one 


For Superlative Accuracy ... . 


Cross British made products are manu- 
factured by an outstanding process used 
for the hardening and tempering of stee! 
coils and rings. Covered by many patents, 
this manufacturing method has enabled 
components to be made from wire and 
with superlative accuracy. When top 
standards are essential you can rely on 


Cross precision products. 


CROSS MANUFACTURING COMPANY (1/938) LIMITED 


BATH - SOMERSET - ENCLAND ~- Phone: Combe Down 2355/8 Telegrams: ‘CIRCLE’ BATH 


THE SYMBOL OF... 


DROPFORGINGS 


THE BLACKHEATH STAMPING CO LTD - BLACKHEATH - BIRMINGHAM 
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PHILLIPS & WHITE LIMITED | 


A.R.B. APPROVED STOCKISTS FOR 
Aircraft Accessories, Spares and Components 


Buying Agents for Overseas Aircraft Operators 
*Suppliers to Foreign Governments, Airlines Flying Clubs 
Owners 
* Our Stocks include 
Aircraft Navigational Equipment 
Instrument Spares and Parts 
Relays and Regulators 
Control! Units and Connectors 
Resistors and Rheostats 
Aircraft Generators and Spares 
Flowmeters and Fuses 
Thermostats and Transformers 


Suppressors and Sockets 
Plugs and Pumps 
Aircraft Motors and Compressors 
Ram Units and Rectifier Units 
Electrical Components and Parts 
Spares for most Ancillary |tem: 


*xComplete Gyrosyn Compass Installations 
Mark 4B and Mark 4F—Civil Types CL2 and CLIA 


wElectrical Artificial Horizons 
Types HLS and HL6 

Armstrong Siddeley Cheetah and De Havilland Gipsy Major and Queer 
Engine Spares 

* Quotations rapidly given against al! enquiries 

*#Stock details will be given on request 

*%Please write, cable or telephone your requirements 


ADDRESS: 
61 QUEEN’S GARDENS, LONDON, W2 


Telephones: Ambassador 8651 and 2764 
Telegrams: CYRAIR London W.2 Cables: CYRAIR London 


PHILLIPS & WHITE LIMITED 


First English translation of the standard 
German work - GRUNDRISS DER 
PHOTOGRAMMETRIE 


AN OUTLINE OF 
photogrammetry 


By Professor K. Schwidefsky, permanent 
scientific consultant to Carl Zeiss and 
Zeiss-Aerotopograph Translated by John 
Fosberry 


This standard work shows the many practical 
applications of Photogrammetry It covers the 
fundamental principles and describes the 
various instruments and methods that have 
been devised for the solution of aerial and 
terrestrial mapping problems For all engaged 
in topographic mapping, forestry and 
agricultural survey work, civil and construc- 
tional engineering, and applied geography and 
its many associated sciences. Fully illustrated 
From booksellers, 60/- net 


PITMAN TECHNICAL BOOKS 


Parker St., Kingsway, London, WC2 
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JABLO 


‘DENSWOOD’ 


the Pioneer Laminated 
Densified Wood 


As an excellent money-saving 
material for tooling-up purposes 
Press-tools jigs Templates 
Stretcher-blocks 

Spinning Chucks, etc. 


Its high mechanical strength and 
excellent electrical-insulating and 
chemical-resistant properties have 
resulted in its being used for 


Electrical Insulators 
Railway Insulation Fishplates 
Silent Gears 


and many other items for the 
Transport, Chemical, Atomic En- 
ergy, and General Engineering 
Industries 


SPECIFY JABLO ‘DENSWOOD’ 


Chosen for its unsurpassed qualities as the Stan- 
dard Material for the propellers of Hurricanes 
and Spitfires and other famous aircraft. 


JABLO OPERATE A FREE ADVISORY SERVICE 
BACKED BY 30 YEARS’ EXPERIENCE 


JABLO PLASTICS INDUSTRIES 


LIMITED 


The Pioneers of Laminated Plastics 


jJABLO WORKS, WADDON, CROYDON, SURREY. Tel: Croydon 2201 
Telegrams: J|ABLO CROYDON 
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BON V OY AGE One of a series of drawings by Colin Munro 


Teddington equipment is fitted to virtually every British aircraft in 

service on the Airlines of the World. This equipment includes: 

* Cabin Temperature Control Systems * Pressure and Temperature 

Regulators * Cycling De-icing Switches * Time Switches * Overheat Control 
Switches * Navigation Light Flasher Units * Alert Warning Switches 

* Hot Air Valves * Domestic Water Control and Engine Oil Temperature 
Control Valves. A “ round-the-clock” spares service maintains maximum 


operational serviceability of this equipment throughout the world. 


* MERTHYR TYDFIL - SOUTH WALES - Tel: Merthyr Tydfi 


TEDDINGTON AIRCRAFT CONTROLS LTD 
Telephone: Colnbrook 2202/3/4 


| ondon Offer’ COLNBROOK BY-PASS WEST DRAYTON MIDDLESEX 
REGO. TRADE MAAK TAC 193 
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is a difficult prisoner... 


and it must be kept in 


solitary confinement 


too; no fraternisation 


with that insidious 


enemy dirt, either. 


SuPerfect Oil Seals 


are the perfect gaolers. 


They do their job so 


cheaply, so efficiently, 


and so silently that 


—— they are usually completely 


forgotten. 


ve send further details, 


May 


or would you prefer to see 


our technical representative? 


SUPER OIL SEALS & GASKETS LTD. 
FACTORY CENTRE, BIRMINGHAM, 30. 


Manufacturers of ‘ SuPerfect’ Hydraulic Packings and *O’ 
Rings; ‘Romet’ water pump seals and mechanical pump 
seals; ‘Aeroquip’ Flexible Hose with detachable re-usable 
fittings; ‘Fidrac’ mechanical rubber mouldings; ‘ Redcaps’ 
Polythene Protective Caps and Plugs. 
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our men...your men! 


you get more than a metal from MEL 


To all users of magnesium, MEL offer the metal plus the 
knowledge and experience of the men who operate our 


drawing-board-to-production-line service. 


This light-weight reeling equipment was redesigned 


by these men in conjunction with R.B. Pullin & Co. Ltd. 

It consists of a complex welded wrought magnesium base 

and of especially thin-walled sand castings produced by 

an acid etching technique. Rigorous environmental conditions, 
including exposure to salt-laden atmosphere, necessitated special 
surface protection measures. Techniques and processes employed 
were developed or modified by MEL, who also made the 


prototypes and production versions. 


As sole producers of magnesium in this country, 


MEL are specially qualified to offer such a comprehensive service. 


For full information write to: 


Magnesium Elektron Limited Wi 


5 Charles II Street St. James’s London SW1 Works: Clifton Junction Manchester E 


Magnesium Elektron, Inc., New York 20, USA 
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One of 
the World’s 


Industrial 


Leaders 
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4 OUT OF 5 AIRCRAFT * 
USING LONDON AIRPORT 

USE SHELL OR BP 

AVIATION FUELS 


on all operations," 
says Frank Watson, 


WY 


AVIATION SERVICES 


Shell-Mex and B.P. Ltd. Shell-Mex House, Strand, W.0.2 
Registered Users of Trade Marks 
Distributors in the United Kingdor 
for the Shell, BP and Eagle Groups 


Modern airlines like 
B.O.A.C. operating a 
round-the-clock service 
rely on first-rate main- 
tenance for the smooth 
running of their flight 
schedules. Behind the 
scenes in the mainten- 
ance area Shell and BP 
Aviation Services play 
their part in helping with 
the important work. 
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THE HAWKER HUNTER 
TWO-SEATER... 
PERFECT TRAINER 
FOR 
SUPERSONIC FLIGHT 


Nowhere do tradition and experience 
count for more than in a trainer, 
whatever its role. The Hawker Hunter 
Two-Seater benefits from the experi- 
ence of almost 2,000 Hunters in service 
with a dozen different Air Forces. It 
has full development and C.A. release. 


Combining fighter qualities with sim- 
plicity and ease of handling, the 
Two-Seater has :— 


* Generous side by side seating, and 
flexibility of instrument layout and 
equipment 


*No airspeed or Mach number 
restrictions 


Martin Baker fully proven light- 
weight ejector seats 


Full spinning clearance 


Wide undercarriage track, making 
cross-wind landing safe and easy 


Powered by Rolls-Royce Avon turbo- 
jet, the Hunter Two-Seater has good 
endurance and long-range capabilities, 
plus the ability to carry external 
stores. 

The Two-Seater from every angle is 
ideally suited to meet the require- 
ments of Advanced Trainer or Opera- 
tional Trainer. 


HAWKER SIDDELEY AVIATION LIMITED, Richmond Road, Kingston-upon-Thames. 


international Sales Office, Duke’s Court, St. James's, London, S.W.1. 
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In a world of rapidly advancing technologies, a quick glance behind 
the scenes reveals their reliance upon super-quality Alloy Steels. 


Attention must inevitably then focus on Firth Brown as one of the 
major creators of such steels and of the processes by which they are 
formed to suit the needs of every modern industry. 


Firth Brown Alloy Steels are known and acclaimed the world over in 
every sphere of mechanical, electrical and aeronautical engineering. 


ALLOY STEELMAKERS + FORGEMASTERS - STEEt FOUNDERS - HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED : SHEFFIELD ENGLAND 
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The 


World's fas 


Rotor 


Fairey’s Rotodyne vertical take-off airliner has established 
itself as the fastest rotorcraft in the world. On 5th 
January, 1959, it few round a 62 mile closed-circuit record 
course at an officially observed average speed of 191 
m.p.h. for a new world convertiplane speed record—at 
cruising power and operational] weight. 

This record, almost 50 m.p.h. faster than the correspond- 
ing helicopter record and 30 m.p.h. faster than the 
absolute speed record for helicopters, confirms Fairey’s 
claim that the true V.T.O. airliner is here, now, for city- 


centre to city-centre journcys, needing no expensive 


airfields, wasting no valuable time. 


ROTODYNE sets new world record at 


Powered by Napier Eland turbo-props 


FAIREY AVIATION 


4ERONAUTICAL SOCIETY 


LIMITED 


CANADA 
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From here 
to there — 
its faster by air 


Y B-0-A-( world leader in air travel = 


Consult your local B.O.A.C. Appointed Travel Agent or any B.O.A.C. office. 


OVERS E A 8 A S CORB P ORATIO @ 
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To make a ground-to-air guided weapon system mobile is not simply a matter of 


jacking it up and running some wheels under it. It needs an entirely different — and 


more challenging—approach. We know—for we were chosen by the British Govern- 
ment to concentrate on this very problem. And five years of design and development 


work have gone into the solution. THE ANSWER IS 


THE “ENGLISH ELECTRIC) THUNDERBIRD 


a complete mobile and air transportable weapon system — fully de- 
ervice with the British Army. 


Its mobility and ease of redeployment give the flexibility that is so essential to meet the nation’s 


ever-changing defence requirements ... AND THE ECONOMY AS WELL 


ENGLISH ELECTRIC GUIDED WEAPONS DIVISION TEVENAGE WOOMERA 


A MEMBER OF THE ENGLISH ELECTRIC AVIATION GROUP 
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AIR PICTORIAL 


the magazine 

to keep you 

in touch | 
with 

aviation 


AIR PICTORIAL 1/64 monthly 


% The non-technical monthly for the en- 
thusiast 


%& Exciting exclusive articles on past and 
present aircraft 


% Superb photographs — scores of them in 
each issue — keep you up to the minute on 
new developments 


% Large scale drawings provide information 
on world’s aircraft 


Get this month’s issue—and every month’s. 
At your bookseller or newsagent 


| /6d Or send £1.2.60 for a year’s subscription to Dept. AS., 
AIR PICTORIAL, ROLLS HOUSE, BREAMS BUILDINGS, 
LONDON, EC4 
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The facts and figures 
give me confidence in 


the VISCOUNT 


Continental Airlines’ results 
exceeded expectations 


These are the figures after six months’ operation 


Average fleet for period: 5.6 aircraft 


Total revenue $ 2,599,962 

Direct expenses $ 1,126,817 

Indirect expenses $ 954,188 

Net operating income $ 518,957 

Income per mile 31.16 cents Latest improvements in performance 
Average load factor 47.17% enable Viscount 810 to offer 

Break-even load factor 37.3% even greater performance for operators 


Percentage indirect/ (twenty passengers) 
direct costs 84.68 * Take-off weight now 72,500 Ib (up 3,500 Ib) 


Revenue passenger miles 40,845,739 * Landing weight, zero fuel weight and payload all 
increased by 2,000 Ib 


Yield per revenue 
passenger-mile 6.08 cents * Maximum payload range increased to 1200 miles 


* Cruising speed 365 m.p.h. When re-engined with 
more powerful Darts, 400 m.p.h. 


In May last year, Continental became the first airline 
to operate the Viscount 810 on the American con- 
tinent. According to President Robert F. Six, per- 
formance, passenger appeal and economics of the new 


* Backed by Vickers/Rolls-Royce jet-prop experience 
of over 350 Viscounts in service with 39 airlines 


ft ded th eetin F th * Viscount 810/840 already ordered by Continental 
aircraft exceede exnect: sO > companvy. 
ae COmpany Airlines, Lufthansa, South African Airways, 


In the first three months 1,200,000 plane miles were Ansett-A.N.A., Airwork, Cubana, Hunting-Clan, 


Pakistan International Airlines, T.A.A. and V.A.S.P. 
Viscounts, air mile costs of the 810 are no higher. 


@® Fastest and most economical medium-sized airliner in the world 


logged, and seat mile costs were .30 cents below 
estimate. Although bigger and faster than earlier 


VICKERS 


FOUR ROLLS-ROYCE DART JET-PROP ENGINES 


VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY ENGLAND 


TGA AT6IIA 
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Important New Books from Pergamon Press 


ADVANCES IN AERONAUTICAL 


SCIENCE 

Proceedings of the First Intarnational 
Congress of the Aeronautical Sciences, 
Madrid, 1958 (Two Volumes) 

Edited by TH. VON KARMAN, A. M. 
BALLANTYNE, H. BLENK, R. R. DEXTER 
M. ROY, H. L. DRYDEN 


These two volumes contain the papers presented at the 
Madrid Congress by the world’s outstanding specialists in 
aeronautics and astronautics. Some 600 delegates from 
25 coyntries attended, including an official delegation 
from the U.S.S.R. Each volume has a full author and 


subject index. 
Approx. 1,200 pp. Illus. £8 net ($25) 


VISTAS IN ASTRONAUTICS Vol. 2 
Second Annual Astronautics Symposium 


Edited by MORTON ALPERIN and 
HOLLINGSWORTH F. GREGORY, AFOSR 


Contains the papers presented at the Second Astronautics 
Symposium co-sponsored by the U.S. Air Force Office of 
Scientific Research and the Institute of Aeronautical 
Sciences. The book is in five sections, headed: Space 
Environment and Vacuum Research: Control and Propul- 
sion of Vehicles outside the Atmosphere; Panel Discus 
sion; Departure, Space Navigation and Re-Entry Problems, 
The Earth's Moon 

Approx. 330 pp. Illus. 105s net ($15) 


COLLECTION OF THEORETICAL 
PAPERS IN AERODYNAMICS 


Issued by the Central Aerohydrodynamics 
Institute of the U.S.S.R. 


This work has just been declassified in Moscow; the year 
of original publication in the U.S.S.R. is in parentteses 
beside each of the 25 articles 
Approx. 1,000 pp. In preparation 

Approx. £10 10s net ($35) 
Reprints of individual articles: 50s net ($7.50) 


RECENT ADVANCES IN 
ATMOSPHERIC ELECTRICITY 


Proceedings of the Second Conference on 
Atmospheric Electricity 


Edited by L. G. SMITH 


This volume contains the papers presented at the Second 
Conference on Atmospheric Electricity held at Ports- 
mouth, N.H., under the auspices of the Geophysics 
Research Directorate, Air Force Cambridge Research 
Center. The papers, by leading international specialists 
in the field, describe current experimental and theoretical! 
investigations into the many natural electrical phenomena 


in the atmosphere 
Approx. 400 pp. _iilus. 120s net ($17.50) 


ELECTROMAGNETIC RADIATION 
FROM CYLINDRICAL STRUCTURES 


by JAMES R. WAIT 


A comprehensive and self-contained account of the 
theory of electromagnetic sources on and near cylindrical 
surfaces. While none of the forms considered duplicate 
the shape of actual bodies such as aircraft and missiles, 
the derived results do provide considerable insight int 
the behaviour of flush-mounted stub-type microwave 
antennae in actual systems. In each section the salient 
features of the analytical results are presented in 


graphical form 
Approx. 200 pp. illus. 50s net ($8) 


ASLE TRANSACTIONS 
Volume 2, No. | 
Edited by JOHN BOYD 


Published semi-annually for the American Society of 
Lubrication Engineers, this volume contains papers on al! 
aspects of the science and technology of lubrication 
“The papers are all written by leaders in their respective 
tields and there is no doubt that this, and succeeding 
volumes in this series, will constitute a source of refer- 
ences not only for those concerned directly with 
lubrication but also to very many industrial research 
departments, engineers and designers.’’—Scientific 
Lubrication, reviewing a previous volume. 

Approx. 160 pp. Iilus. 80s net ($12.50) 


AGARDograph No. 30 

MEDICAL ASPECTS OF FLIGHT 
SAFETY 

The Unexplained Aircraft Accident 


Edited by E. EVRARD, P. BERGERET, P.M. 
VAN WULFFTEN PALTHE 
Published for the Advisory Group for Aeronautical 


Research and Development, this is a selection of the most 
important reports considered at two symposia sponsored 


by NATO. Section headings are: |. Flight Safety and 
Aircraft Accidents——Generalities; 11. Unexplained Aircraft 
Accidents; Ill. Use of Pathology in Crash Injuries; IV 


In-Flight Protection; V. Some Special Problems 
Approx. 300 pp. _Iilus. 80s net ($11.20) 


Other AGARD Books in Preparation: 
FATIQUE TESTING AND 
ANALYSIS OF RESULTS 

by PROFESSOR W. WEIBULL 


ADVANCED AERO-ENGINE 
TESTING 

AGARDograph 37 

Edited by A. W. MORLEY 


Full descriptive leaflets available on request 


@ P ERGAMON P RESS LONDON NEW YORK PARIS LOS ANGELES 


4 & 5 Fitzroy Square, London, W.1. 


122 East 55th Street, New York, 22, N.Y 


24 Rue des Ecoles, Paris, V° 
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Important New Books from Pergamon Press 


ADVANCES IN AERONAUTICAL 


SCIENCE 


Proceedings of the First International 
Congress of the Aeronautical Sciences, 
Madrid, 1958 (Two Volumes) 

Edited by TH. VON KARMAN, A. M. 
BALLANTYNE, H. BLENK, R. R. DEXTER 
M. ROY, H. L. DRYDEN 


These two volumes contain the papers presented at the 
Madrid Congress by the world’s outstanding specialists in 
aeronautics and astronautics. Some 600 delegates from 
25 coyntries attended, including an official delegation 
from the U.S.S.R. Each volume has a full author and 


subject index. 
Approx. 1,200 pp. Illus. £8 net ($25) 


VISTAS IN ASTRONAUTICS Vol. 2 
Second Annual Astronautics Symposium 


Edited by MORTON ALPERIN and 
HOLLINGSWORTH F. GREGORY, AFOSR 


Contains the papers presented at the Second Astronautics 
Symposium co-sponsored by the U.S. Air Force Office of 
Scientific Research and the Institute of Aeronautical 
Sciences. The book is in five sections, headed: Space 
Environment and Vacuum Research: Control and Propul- 
sion of Vehicles outside the Atmosphere; Panel Discus- 
sion; Departure, Space Navigation and Re-Entry Problems; 
The Earth's Moon 

Approx. 330 pp. Iflus. 105s net ($15) 


COLLECTION OF THEORETICAL 
PAPERS IN AERODYNAMICS 


Issued by the Central Aerohydrodynamics 
Institute of the U.S.S.R. 


This work has just been declassified in Moscow; the year 
of original publication in the U.S.S.R. is in parentheses 
beside each of the 25 articles. 
Approx. 1,000 pp. In preparation 

Approx. £10 10s net ($35) 
Reprints of individual articles: 50s net ($7.50) 


RECENT ADVANCES IN 
ATMOSPHERIC ELECTRICITY 
Proceedings of the Second Conference on 
Atmospheric Electricity 

Edited by L. G. SMITH 


This volume contains the papers presented at the Second 
Conference on Atmospheric Electricity held at Ports- 
mouth, N.H., under the auspices of the Geophysics 
Research Directorate, Air Force Cambridge Research 
Center. The papers, by leading international specialists 
in the field, describe current experimenta! and theoretical 
investigations into the many natural electrical phenomena 


in the atmosphere. 
Approx. 400 pp. Illus. 120s net ($17.50) 


ELECTROMAGNETIC RADIATION 
FROM CYLINDRICAL STRUCTURES 


by JAMES R. WAIT 


A comprehensive and self-contained account of the 
theory of electromagnetic sources on and near cylindrical 
surfaces. While none of the forms considered duplicate 
the shape of actual bodies such as aircraft and missiles, 
the derived results do provide considerable insight into 
the behaviour of flush-mounted stub-type microwave 
antennae in actual systems. In each section the salient 
features of the analytical results are presented in 


graphical form 
Approx. 290 pp. illus. 50s net ($8) 


ASLE TRANSACTIONS 
Volume 2, No. | 
Edited by JOHN BOYD 


Published semi-annually for the American Society of 
Lubrication Engineers, this volume contains papers on al! 
aspects of the science and technology of lubrication 
‘The papers are all written by leaders in their respective 
fields and there is no doubt that this, and succeeding 
volumes in this series, will constitute a source of refer- 
ences not only for those concerned directly with 
lubrication but also to very many industrial research 
departments, engineers and designers.’'—Scientific 
Lubrication, reviewing a previous volume. 

Approx. 160 IIlus. 80s net ($12.50) 


AGARDograph No. 30 

MEDICAL ASPECTS OF FLIGHT 
SAFETY 

The Unexplained Aircraft Accident 


Edited by E. EVRARD, P. BERGERET, P.M. 
VAN WULFFTEN PALTHE 


Published for the Advisory Group for Aeronautica! 
Researcn and Development, this is a selection of the most 
important reports considered at two symposia sponsored 
by NATO. Section headings are: |. Flight Safety and 
Aircraft Accidents——Generalities; ||. Unexplained Aircraft 
Accidents; II!. Use of Pathology in Crash Injuries; IV 
In-Flight Protection; V. Some Special Problems 

Approx. 300 pp. Illus. 80s net ($11.20) 


Other AGARD Books in Preparation: 
FATIQUE TESTING AND 
ANALYSIS OF RESULTS 

by PROFESSOR W. WEIBULL 


ADVANCED AERO-ENGINE 
TESTING 

AGARDograph 37 

Edited by A. W. MORLEY 


Full descriptive leaflets available on request 
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Bian at Trentham, Staffordshire, in 1914, Mr. Masefield was educated at Westminster School 
and Chillon College, Switzerland. In 1932 he went up to Jesus College, Cambridge, where he 
read engineering, rowed for his College, learned to fly and, during his long vacations, spent much 
of his time on the bench in the workshops of sundry aircraft companies and with air charter 
companies. After taking his B.A. degree in Engineering—specialising in aeronautics—he spent two 
years in the Design Office of the Fairey Aviation Co. Ltd., before joining the staff of The Aeroplane, 
under C. G. Grey, in 1937. 


From 1939-1943 Mr. Masefield was Technical Editor of The Aeroplane and during those 
years was also a war correspondent with the R.A.F. and the U.S. Army 8th Air Force, taking 
part in a number of daylight bombing raids and qualifying as both co-pilot and air gunner on the 
B-17. During this time also he was air correspondent of The Sunday Times and Editor of The 
Aeroplane S potter. 


In 1943 he was appointed Personal Adviser on Civil Aviation to the Lord Privy Seal—Lord 
Beaverbrook—and Secretary to the War Cabinet Committee on Civil Air Transport. For the next 
two years, “in his spare time,” he was also Chairman of the Editorial Committee of the /nter- 
Services Journal on Aircraft Recognition at the Ministry of Aircraft Production. In fact he was 
largely responsible for proving the importance of aircraft recognition during the War and gave 
much assistance to the Royal Observer Corps and to Spotters Clubs all over the country. 


Mr. Masefield went to Washington in 1945 as the first British Civil Air Attaché, returning to 
London two years later to become Director General of Long Term Planning and Projects at the 
Ministry of Civil Aviation. Then in January 1949 he joined British European Airways as Assistant 
to the Chairman and later that year was appointed Chief Executive and a member of the Board. 
Since November 1955 he has been Managing Director of Bristol Aircraft Ltd. He was made an 
Honorary Fellow of the Institute of the Aeronautical Sciences in 1956, and was President of the 
Institute of Transport in 1955-56. He is also a member of Council of the Air League, an Upper 
Freeman and member of the Guild of Air Pilots and Air Navigators of the British Empire; Presi- 
dent of the Popular Flying Association and of the Aircraft Recognition Society; and a member 
of The Committee and of the Aviation Committee of the Royal Aero Club. 


He maintains a current Pilot’s Licence and probably logs as many flying hours a year as any 
non-professional pilot in the country. 


Mr. Masefield has been an active member of the Society since he joined as a Student in 
1936. He became an Associate Fellow in 1939 and a Fellow in 1945. He has been a member 
of the Journal and Publications Committee since 1946 and Chairman of that Committee since 
1956. He has been a member of Council since 1945 and a Vice-President since 1953. He gave 
the Fourth British Commonwealth Lecture in 1948. 


Mr. Masefield takes office on 7th May 1959 at the Annual General Meeting of the Society. 
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NOTICES 


SEVENTH ANGLO-AMERICAN AERONAUTICAL CONFERENCE 

Preliminary arrangements have now been completed 
for the Seventh Anglo-American Aeronautical Conference 
which is to be held in New York from 4th-16th October 
1959. Enclosed with this JouRNAL is an application form 
for enrolment, with details of the travel and hotel arrange- 
ments, the Conference programme and the provisional list 
of lectures. Application forms must be returned to the 
Secretary by 30th June. 


MAN-POWERED AIRCRAFT GROUP 

The first Group to be formed within the Society is the 
Man-Powered Aircraft Group. The first meeting of the 
Group will be held this month to discuss the programme 
and organisation and further details will be published later. 

The Council's decision to form Groups—which are 
something less than Sections—to cover small specialised 
fields of Aeronautics, and the rules governing these Groups, 
were published in the December 1958 JouRNAL (p. XLV). 
Particulars of the Man-Powered Aircraft Group may be 
obtained from the Secretary of the Society. 


HONOURS AWARDED TO MEMBERS 

H. O. Short (Honorary Fellow) has been elected a 
Fellow of the Royal Society of Arts. 

Air Commodore F. R. Banks (Fellow) has _ been 
awarded the Insignia Award in Technology, Mechanical 
Industries, for work on Aero Engine Research and 
Development by the City and Guilds of London Institute. 


THe RosBert Perrect FLYING SCHOLARSHIP 

The Robert Perfect Flying Scholarship has been created 
by the Air League to mark its Jubilee Year and as a 
memorial for Mr. R. V. Perfect, for many years a 
member of its Council. 

The award will comprise not more than six weeks flying 
and ground tuition to enable the holder to try to obtain a 
Private Pilot's Licence. Candidates must be over 17 years 
and under 2! years of age. The award will be made 
annually to the winner of an essay competition. 

Entries for the 1959 award must be received by 22nd 
June 1959. Further details may be obtained from the 
Secretary-General, The Air League, Londonderry House, 
19 Park Lane, London W.1. 


WHITWORTH FOUNDATION AWARDS 

The arrangements for the annual awards of Whitworth 
Fellowships and Prizes are being changed as from 1960. 

The three annual Fellowships will be increased from 
£500 to £1,000 per annum and will be awarded not to 
newly qualified graduates but to practising engineers who 
have shown themselves able and likely to benefit from 
additional study and training. In addition, up to three 
Whitworth Exhibitions of £100 will be awarded to 
unsuccessful candidates whose work deserves recognition. 
The award of Whitworth Prizes will be discontinued. 

Applications for the 1960 competition must be sub- 
mitted to the Ministry of Education by 31st July 1959. 
Full details are given in the new leaflet “ Rules and Con- 
ditions for the award of Whitworth Fellowships and 
Exhibitions * obtainable from H.M.S.O., price 4d. or by 


post 6d. 


Mr. R. B. C. NoorDUYN 
As many members will have already heard, Mr. R. B. C. 
Noorduyn died on 22nd February 1959, in Burlington, 
Vermont, U.S.A. His family have asked us to inform his 
many friends in the Aircraft Industry in England. 


ASSOCIATE FELLOWSHIP EXAMINATION 
The next Associate Fellowship examination will be 
held on 16th, 17th and 18th June. All candidates at home 
and abroad will be sent full details. 


WHITSUNTIDI 
The Library and Offices of the Society will be closed 
from Friday afternoon 1Sth May to 9 a.m. Tuesday 19th 
May 1959. 


Roya Society NATIONAL COMMITTEE ON SPACE RESEARCH 

Sir Arnold A. Hall has been appointed the Society’s 
representative on the National Committee on Space 
Research of the Royal Society. 


477TH WILBUR WRIGHT MEMORIAL LECTURE 
The 47th Wilbur Wright Memorial Lecture will be 
given by Mr. C. J. McCarthy, F.1.A.S., on “ Managing 
Aviation Technologies * on Thursday 14th May 1959, at 
the Institution of Mechanical Engineers, Birdcage Walk, 
S.W.1, at 6 p.m. (Tea at 5.30 p.m.) 


TENTH INTERNATIONAL ASTRONAUTICAL CONGRESS 

The Tenth international Astronautical Congress will 
take place in London from 30th August to 5th September 
1959. The Congress will be organised by the British Inter- 
planetary Society on behalf of the International Astro- 
nautical Federation. The main proceedings will take place 
at Church House, Westminster. S.W.1, from 30th August 
to Sth September 1959, and a Space Law Colloquium will 
be held in the Great Hall of Lincoln’s Inn, W.C.2, on 4th 
September. 

The Opening Ceremony and Genera! Discussion will be 
held on 31st August, technical lectures will be given on the 
Ist, 2nd and 4th September and an excursion will be 
arranged for 3rd September. A Reception and Congress 
Dinner will also be included in the programme 

The Registration Fee is £5 5s. Od. Details and applica- 
tion forms may be obtained from The British Interplane 
tary Society, 12 Bessborough Gardens, London S.W.| 


AERONAUTICAL CRAFT COURSES 

The City and Guilds of London Institute has prepared 
a new three-year part-time scheme of Aeronautical Craft 
Courses which is designed to meet the needs of all cate- 
gories of craft apprentices in the Aircraft Industry. The 
emphasis is on basic craft practice, and the minimum 
requirements in associated subjects, such as calculations 
and sketching, have been integrated with the workshop 
practice syllabuses. A feature of the end of course 
examinations is a practical test in which all candidates 
are required to reach a qualifying standard. 

The new scheme will come into force in technical 
colleges for the 1959/60 session, and the first examina- 
tions will be held in 1960. Particulars may be obtained in 
pamphlet form from the City and Guilds of London Insti- 
tute, 76 Portland Place, London W.1 (price 9d. post free) 


IcE PROTECTION CONFERENCE—2nd June 

A Conference on the protection of aircraft from icing 
will be held at Luton Airport on 2nd June by D. Napier 
and Son Ltd., with the co-operation of the Royal Aircraft 
Establishment. Papers will be given by C. E. G. Payne 
and G. F. Pitts of Bristol Siddeley Engines Ltd., by F. J 
Bigg. D. J. Day and I. I. McNaughton of the Royal 
Aircraft Establishment, by Peter Rivers of A. V. Roe and 
Co. and there will be two from the U.S.A.—by G. L. Wiser 
of The Sierracin Corporation, Burbank and B. L. Messin- 
ger and J. B. Werner of Lockheeds. 

Admission will be by ticket which, with particulars of 
the conference, may be obtained from Mr. B. V. Pepper. 
D. Napier and Son Ltd., Luton Airport, Luton, Beds 


THe First HALFoRD LECTURE—APRIL JOURNAI 
The portrait in colour of Major F. B. Halford published 
in the April 1959 JouRNAL was reproduced from the 
posthumous portrait painted by Mr. Frank Eastman in 
1957 for the Royal Aero Club. 
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DIARY 


LONDON 


14th May 
Forty-SEvENTH WriGHt Memorial 
Managing Aviation Technologies ( J McCarthy 
Institution of Mechanical Engineers. Birdcage Walk. S.W.1 
6 p.m. (tea at 5.30 p.m.) 


BRANCHES 

13th May 
Brough—Visit to Robin's Trawlers. Hull. St. Andrews 
Dock. 7 p.m 
Chester— Annual General Meeting and Film Show. Lecture 
Theatre, Grosvenor Museum. 7.30 p.m 
Southend— Space Travel. Dr. G. S. Brosan. Labour Hall 
Boston Avenue. 7.30 p.m 

20th May 
Brough—Film Show (admission by ticket only). Flying 
Club Lecture Room, Brough. 5.10 p.m 

27th May 
Hatfield— Annual General Meeting. de Havilland Restaur- 
ant. 6.15 p.m. 

28th May 
Southend—-Film Show 
7.30 p.m. 


Labour Hall. Boston Avenue 


ASSOCIATE FELLOWSHIP EXAMINATION RESULTS 

The following Candidates were successful in the 
Associate Fellowship Examination held in December 
1958: 

ParT I—UNITED KINGDOM 

A. W. DELOBELLE, Strength of Aircraft Materials and 
Theory of Structures. 

J. S. HaiGu, Physics, Strength of Aircraft Materials and 
Theory of Structures, Theory of Machines; C. R. HAyYNes. 
Aerodynamics, Thermodynamics. 

D. J. LoveripGe, Thermodynamics 

Z. MAHMOOD, Physics. 

R. V. PercivaL, Thermodynamics. 

I. R. SIncLaiR, Aerodynamics, Thermodynamics; M. R. 
SmitH, Aerodynamics, Thermodynamics: J. STRYMOWICZ, 
Physics 

PaRT I—ABROAD 

Cpl. V. P. Arora (Mysore), Pure Mathematics, 
Mechanics, Physics, Aerodynamics, Strength of Materials 
and Theory of Structures. 

P. L. Basasy (Delhi), Pure Mathematics, Mechanics, 
Physics, Thermodynamics, Theory of Machines. 

K. P. CHopra (Calcutta), Pure Mathematics, Mechanics, 
Physics, Theory of Machines. 

A. Dutton (Hyderabad), Pure Mathematics, 


Mechanics, Physics, Thermodynamics, Theory of 
Machines 

N. R. HooGuan (Bombay), Aerodynamics, Theory of 
Machines. 


R. KRISHNAMOORTHY (Calcutta), Thermodynamics, 
Theory of Machines: A. Kumar (Delhi) Aerodynamics: 
R. Kumar (Madras) Thermodynamics. Theory of 
Machines. 

S. K. MAJUMDAR (Calcutta) Mechanics. 

K. G. Pir_vai (Delhi) Pure Mathematics. 

Sgt. P. D. Sapana (Agra). Thermodynamics, Theory of 
Machines: V. V. SAMUEL (Calcutta), Mechanics: A. K. 
SANGRA (Lucknow), Pure Mathematics, Mechanics, Physics, 
Aerodynamics, Strength of Aircraft Materials and Theory 
of Structures 


Part I]—ABROAD 


P. L. Basas (Delhi), General Design, Piston and Turbine 
Engines; Piston and Turbine Engines 

R. Kumar (Madras), General Design, Piston and Tur- 
bine Engines, Economics and Management 

P. J. MarsH (Toronto), Theory of Structures A, Theory 
of Structures B, Thermodynamics and 
Machines. 


Theory of 
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Part I1—UNITED KINGDOM 

G. J. Brown, Theory of Structures A, Theory of 
of Structures B 

A. S. CHAKRAPANY, Theory of Structures A, Theory 
of Structures B 

D. M. DevenisH, Theory of Structures A, Theory of 
Structures B, Thermodynamics and Theory of Machines; 
R. bE WINTON, Theory of Structures A 

M. H. JuNG, Theory of Structures A, Theory of Struc- 
tures B, Theory of Structures ¢ 

W. F. MAIDMENT, Economics and Management, Pro- 
duction, Aircraft Manufacture 

. H. Satt, Economics and Management, Radio 
Engineering: A. C. G. Seat, Aerodynamics A, Aero- 
dynamics (¢ 

G. R. Wesster, Thermodynamics and Theory of 
Machines 


NEWS OF MEMBERS 


Squadron Leader F. Attsopp (Associate Fellow), 
formerly on Engineering duties, H.Q., British Forces, 
Arabian Peninsular, has taken up a technical appointment 
at H.Q. Flying Training Command 

M. J. Baker (Student), formerly a Development 
Engineer with the Fairey Aviation Company (Engine 
Installations) is now in the Development Department of 
Flight Refuelling Ltd. 

A. L. BARBROOK (Associate) has retired from the Royal 
Navy and is now a Development Engineer with Joseph 
Lucas (G.T.E.) Ltd 

S. Barretr (Graduate), formerly an Aerodynamicist 
at Avro Aircraft, Ontario, is now on the Technical Staff 
of the Missiles Electronics and Controls Department, 
Radio Corporation of America, Mass. 

Dr. K. G. BERGIN (Fellow), formerly Director of 
Medical Services, B.O.A.C., is now Director of Per- 
sonnel and Medical Services with the Corporation. 

F. N. Birkett (Graduate) has left Scottish Aviation and 
is now a Stress Engineer, Pressed Steel Company Ltd.., 
Railway Division, Paisley. 

L. BoppINGTON (Fellow), formerly Director, Aircraft 
Research and Development (R.N.), is now Director-General 
of Aircraft Research and Development (R.A.F.), M.O.S. 

S. BUCHANAN (Associate Fellow), formerly at Kingston 
Technical College is now a Senior Lecturer in Aircraft 
Structures at the R.A.E. Technical College, Farnborough. 

J. S. Crick (Associate Fellow), formerly with the British 
Oxygen Company Ltd., is now Sales Manager, Plessey 
Nucleonics Ltd. 

T. A. GinssurG (Graduate), formerly with de Havilland 
Aircraft, Canada Ltd., is now a Structural Engineer, 
Stanley Aviation Corporation, Denver, Colorado. 

Davip W. H. Goprrey (Associate Fellow) has left 
The Aeroplane where he was assistant to the technical 
editor and joined the Public Relations Division of Canadair 
Ltd., Montreal, as Assistant Manager, Information Services. 

Cdr. R. F. D. Harris (Associate) has retired from 
the Royal Navy and is now Senior Controller of the 

Altitude Test Plant at Rolls-Royce Ltd., Derby. 

Group Captain E. A. Harrop (Associate Fellow), 
formerly Command Aeronautical Inspection Officer H.Q.. 
Maintenance Command, Andover, has been appointed 
Command Engineering Officer 

M. J. Hipe (Student), formerly an Apprentice at Gloster 
Aircraft Co. Ltd., is now an Engineer with the Curtiss 
Wright Corporation, Caldwell, New Jersey. 

H. T. Hict (Associate Fellow), formerly Chief Develop- 
ment Engineer, Blackburn and General Aircraft Ltd., 
Brough, is now General Manager, Messrs. Wellworthy 
Ltd., Lymington 

NorMAN Hitt (Associate), formerly Sales Manager 
Flight Simulator Division, Redifon Ltd., is now a Director 
and Head of Sales Division, Air Trainers Link Ltd. 

R. J. T. HoLttanp (Associate), formerly Deputy Con- 


XXVII 
A 
{oy 
t 
: 


tracts Manager, de Havilland Aircraft Co., is now 
Contracts Demonstrator, Air Trainers Link Ltd. 

J. A. Kennervey (Graduate), formerly a Technician, 
A. V. Roe and Co. Ltd., Manchester, is now an Aero- 
dynamicist, Pratt and Whitney Co., Longueuil, Canada. 

G. Morris Jones (Graduate), formerly with A. V. Roe 
and Co., Woodford, as a Development Engineer, is now a 
Design Engineer, Experimental Engineering Department, 
Pratt and Whitney Co., Longueuil, Canada. 

E. LempercG (Associate Fellow), formerly a Technical 
Engineer, Bristol Aeroplane Co., is now a Design Engineer, 
Stanley Aviation Corporation, Denver. 

F. R. Mason (Associate Fellow), formerly at de Havil- 
land Aircraft Co., Canada, is now with the Grumman 
Aircraft Engineering Corporation as a Dynamics Engineer. 

W. L. MCALLISTER (Associate Fellow), formerly a Jet 
Power Plant Engineer, American Airlines Inc., is now a 
Turbine Power Plant Engineer at their New York Inter- 
national Airport Facility. 

C. J. McBetu (Associate) has been transferred from 
Rolls-Royce in Glasgow to take up a post as Manager, 
Engine Sales Programmes, at Derby. 

Squadron Leader D. M. McWitiam (Associate 
Fellow), formerly a Project Engineer, Ministry of Supply, 
is now at Command Work Study I, H.Q. Transport 
Command. 

L. J. Murrin (Associate Fellow), formerly a Stress 
Engineer with Avro Aircraft Ltd., Toronto, is now an 
Assistant Project Engineer, Curtiss-Wright Corporation, 
Propeller Division, New Jersey. 

C. F. NevtitrHore (Associate Fellow), formerly Group 
Leader is now Head of Engineering Laboratories at 
Bristol Aircraft Ltd. 

Flying Officer D. J. Puitiips (Graduate), formerly of 
the Education Branch is now with the Technical Branch, 
R.A.F. Watton, Norfolk. 

Squadron Leader S. J. Poo.ey (Associate Fellow), 
Air Ministry (Directorate of Operational Requirements) 
has been posted to Elgin Air Force Base, Florida as an 
Exchange Officer to a Ministry of Supply appointment at 
the Air Proving Ground Centre. 

P. H. Reep (Associate), formerly Engineer III Radar 
Research Establishment, Defford, is now Engineer II at 
the A. and A.E.E., Boscombe Down. 

E. RICHARDSON (Associate Fellow), formerly an Aero- 
dynamicist with de Havilland Aircraft Co. Ltd. (Airspeed 
Division), Christchurch, is now with Canadair Ltd., 
Montreal in the Aerodynamics Department. 

K. A. ROWLAND (Associate Fellow), formerly Senior 
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RAOUL HAFNER, F.R.Ae.S. 


The 1095th Lecture to be given before the Society, “Safe Mechanisms” by Raoul 


(Chief Designer (Helicopters), Bristol Aircraft Ltd.) 


Hafner. 


F.R.Ae.S., was held on 8th January 1959 at the Institution of Mechanical Engineers, Birdcage 


Walk, London, S.W.1., at 6 p.m. Sir 


Arnold Hall, M.A., F.R.S., F.R.Ae.S., President of the 


Society, presided and announced that a cable had been received from New York informing the 


Society that the Secretary, Dr. A. M 
the Aeronautical Sciences 


Introducing the Lecturer, Sir Arnold said 
Helicopters, Bristol Aircraft Ltd., was born 


Ballantyne, had been elected a Fellow of the Institute of 
The Institute had thus honoured both the Society and the Secretary. 
that Mr. Hafner, who was Chief Designer, 
in Austria, educated in Vienna and had made 


England his home since the early 1930s. Mr. Hafner had spent most of his life either designing 
or constructing, or flying, rotor craft of one kind or another, and in his capacity of Chief 


Designer of Helicopters at Bristol he had designed the Bristol 171, 


173 and 192. Mr. Hafner 


had given the Louis Blériot Lecture in 1954 and had been awarded the Breguet Memorial 


Tut 


Trophy in 1957 


WONDERFUL 


“Have you heard of the wonderful one-hoss-shay, 
That was built in such a logical way 


It ran a hundred years to a day. 


And then, of a sudden, it 


ah, but stay, 


I'll tell you what happened without delay, 


1. Introduction 


Looking back at the pioneering period of aviation 
one is struck by the almost complete lack of mechanical 
components in the early aeroplanes. Besides the single 
primitive engine there were no more than about a dozen 
hinges on control surfaces which, together with a few 
pulleys and levers, formed the entire mechanical system 
of the aircraft. As flying speeds increased, however, the 
need for mechanisms grew; retracting gear for the under- 
carriage became necessary, wings had to be fitted with 
flap gear, and engines and propellers received reduction 
gears and pitch varying mechanisms. The advent of 
the turbine opened further avenues for development; 
thus for flight at great heights cabin pressurisation 
became necessary, and supersonic flight demanded 
powered controls and flight stabilising mechanisms. 
Finally, a large family of VTOL aircraft, including the 
helicopter, came into existence. 

In the Seventh Louis Bleriot Lecture’ I endea- 
voured to demonstrate that the compound helicopter 
held the key to fast, short haul transport (up to 300 
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miles) and that beyond this range the convertible 
helicopter may take over. I still hold the same view, 
but the compound helicopter has crystallised in my 
mind as a tandem rotor configuration with a small wing 
placed in the gap between the rotor slipstreams, and 
with means of deflecting turbine exhaust aft at high 
cruising speed to augment propulsion. The rotors are 
shaft-driven. These and other VTOL aircraft depend 
almost entirely on the extensive use of mechanisms. 
The development of light and safe structures has 
sprung mainly from the evolution of the classic aero- 
plane, and much indeed has been achieved in this field, 
especially on the subjects of fatigue and fail-safe 
design *-*.© Mechanisms, on the other hand, have 
received comparatively little attention. They have been 
regarded by the classic aeroplane engineer, who is 
essentially an expert on structures, as unreliable and to 
be avoided wherever possible. This outlook is also 
typical of the present approach to the airworthiness of 
the aero-engine and even more so of the helicopter, 
which is seen to be the personification of mechanical 
insecurity. It is a point of view, however, which cannot 
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Ficure 1. The machinery that drives the great Westminster 
Clock on the 24 hour system. Minutes and hours are shown on 
left and right. 


be supported by facts and one also which is not very 
constructive. There are indeed many examples of 
dependable mechanisms in cardinal use. 

“Railway locomotives, for instance, have served for 
periods of over 80 years. The aggregate of miles 
achieved by trains on British Railways in the past 10 
years alone is about 4,000 millions'” with an average of 
782 M. passenger miles per passenger fatality between 
the years 1943-1956. Another truly striking example is 
the great Westminster clock (Fig. 1) which was set in 
motion on 21st May 1858 and which has been going, 
almost without interruption, ever since’. This repre- 
sents an operating time of more than 880,000 hours. 
Moreover, there is the legion of grandfather clocks, 
which have each performed around 2,000 M. cycles in 
the escape mechanism. The motor vehicle is a more 
modern example in the field of mechanical transport. 
The estimated number in the world is over 108 
millions”. A large proportion of these have achieved 
a life of over 100,000 miles, which amounts to more 
than 100 M. stress cycles in the supporting axles and 
wheels. These figures, more than anything else, speak 
for the trust that society has placed in mechanisms. 

It is the object of this paper to examine the funda- 
mental properties of mechanical components in the 
light of the safety concepts that have been evolved 
with modern aeroplane structures, and to produce some 
evidence to show that they can be made adequate for 
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the vital task which they will be called upon to perform 
in the future of aviation. 


2. The Elements of Mechanisms 


Before embarking on a detailed discussion of the 
safety of mechanical components it is advisable to 
review some of the basic concepts in the theory of 
mechanisms. 

A mechanism consists basically of rigid bodies or 
links, which are connected to one another by articu- 
lations. A simple mechanism is shown schematically in 
Fig. 2(a). Here the links L,, L,, L,, 1, are connected 
to one another by the articulations A,, A,, A,, A,, and 
are so arranged that the displacement of point P, is a 
unique function of that of point P,. This mechanism 
is said to possess a freedom of movement in one degree 
only. This also applies to the more complex mechanism 
shown in Fig. 2(6). Here the displacements of the points 
P, and P, are dependent only on those of P,. 

Mechanisms like these examples fail in their action 
if one of their links or if one of their articulations breaks. 
and also if one of their articulations becomes locked or 
seized. 

There are other types of mechanism such as that 
shown in Fig. 2(c). Here we have the links L,....1, 
coupled by the articulations A,....A,. Displacement 
of P, will cause displacements of P, and P,, but as 
distinct from the example shown in Fig. 2(+) this 
mechanism permits of two entirely independent relation- 
ships between the points P,, P, and P,. This mechanism 
is said to possess a freedom of movement in two degrees. 
It has also another important property; if any one of its 
articulations becomes locked it is reduced to a mechan- 
ism of one degree of freedom. It is generally possible 
to reduce a mechanism with a freedom of movement of 
n degrees into one with a freedom of n—1 degrees by 
the locking of one of its articulations. 

A mechanism can also receive additional articu- 
lations and/or links without materially changing its 
performance. Examples of such additions are given in 
Fig. 2(d). Here a mechanism is shown which has the 
same working elements as that in Fig. 2(a), but certain 
links and articulations have been duplicated. Instead 
of a single link 1, there are two links, L, and /.,,. 
Normally the loads transmitted between A, and A, are 
shared between the links 1, and L,,, but should for 
any reason L, for instance fail, link L,, is instantly in 
a position to carry the whole load between the points 
A, and A,. Another duplication is in the links 1. and 
Ll... However, these differ from the previous example 
in that they terminate at one side in different articu- 
lations A, and A,, respectively. L. is connected directly 
to L, through articulation A,, whereas L,, is connected 
to L, by the articulation A,, by a small backlash (. 
Normally, because of this backlash, the loads are trans- 
mitted from A, over L., and A, into L,, but should 1 

or A, fail, then the loads can be directed by L., and A,,. 

Another important feature is indicated on link Z.. 
This contains a device A which limits the load trans- 
mittable in the link to a maximum value, and thereby 
limits the load in the whole mechanism. The device is 
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arranged so that the link will yield elastically or other- 
wise to such load, but remains capable of further 
transmission of loads provided they are below the 
critical value. The device can be arranged to operate 
equally in both directions, or it may operate unidirec- 
tionally (i.e. free wheel). 

These features are of great importance in the 
design of fail-safe mechanisms which will be discussed 
later. 


2.1. LINKS 

Mechanical links, like the corresponding structural 
elements, are used to transmit forces and moments; 
these may be steady, or changing in magnitude or 
direction. Mechanical links, moreover, transmit move- 
ment which, in addition to the extraneous forces, may 
cause steady or fluctuating inertia forces in the link itself. 
The static as well as the fatigue strength of the 
mechanical link must therefore be adequate to carry 
these loads. This is a problem, however, that is well 
understood and modern stressing and testing techniques 
are sufficiently advanced to offer a fair degree of safety. 
They apply equally to structural and mechanical links. 


2.2. ARTICULATIONS 
The feature that mainly distinguishes the mechanism 
from the structure is the articulation. It is designed to 
permit a controlled movement of one rigid body or link 
relative to another and simultaneously a transmission of 
load. Articulations fall into three groups, depending 
on the type of contact between the articulated links: 
(i) sliding articulation, 
(ii) rolling articulation, 
(iii) elastic articulation (movement due to elastic 
deformation’. 
The types (/) and (ii) ave associated with the concept of 
bearing surface, that is, the area A over which the two 
articulated links are in contact with one another and 
through which the load L is transmitted. The concept 
of a moving contact between two bodies in a bearing 
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surface applies only to abstract stressing calculations and 
has, of course, no physical basis. Indeed, such move- 
ment would quickly produce a breakdown of the bearing 
surface followed by heat and seizure of the articulation. 
In order to achieve a permanent performance a lubricant 
is essential, which will in fact prevent the contact 
between the “contacting” surfaces of the articulation. 
The lubricant may be in solid form, in liquid or in gas 
form. It may be brought between the surfaces of the 
articulation by static pressure (pumping) or dynamic 
pressure (Michell bearing) or by capillary action. The 
surfaces of the articulation are subject generally to 
fluctuating pressures and shear forces which are trans- 
mitted through the thin layer of lubricant. They can 
fail under these forces and break up in a manner similar 
to fatigue failures in structural components. If the 
lubricant contains impurities, which are larger than the 
thickness of lubricant layer separating the surfaces of 
the articulation, then surface scratches are produced 
which cause surface deterioration in the form of wear, 
or fatigue cracks. It is evident that the lubricant plays 
a fundamental part in any mechanism and its constant 
supply, as well as the maintenance of its quality, is a 
matter of paramount importance. 

Lubrication systems commonly in use are: — 

(a) Lubrication by dipping or packing. In this case 

the articulation draws its lubricant from a store, 
which is surrounding or adjacent to the articu- 
lation. 
Lubrication by circulation. In this case a 
quantity of lubricant is circulated and in the 
course of circulation passes the articulating 
surfaces. This method is necessary where a 
considerable amount of heat is generated at the 
articulating surfaces, which cannot be removed 
by heat conduction in the links alone. The 
lubricant acts here not only as a means of 
separating the articulating surfaces, but also as 
a carrier of heat. To ensure a reliable supply 
of lubricant, the means of circulation may be 
duplicated, so that in the event of one failing, 
supply is effected by another. The quality of the 
lubricant is ensured by frequent changing and 
also by filters which are placed in the circulating 
system and which trap harmful impurities. 

There is, finally, an item which plays a vital part in 
ensuring the supply as well as the quality of the 
lubricant: it is the oil seal. Seals also may be duplicated, 
especially at points where a loss of lubricant would be 
critical. 

In the third type of articulation (iii) the lubricant 
between the links is replaced by an elastic member, 
which permits in a limited measure relative movement 
of the links. Continuous rotation is, of course, 
impossible with this form of articulation, however, it 
can be used with advantage where the required move- 
ment is small and where friction is to be kept to a 
minimum. The suspension of pendulums in clocks is a 
typical example. This type of articulation is also suit- 
able for the transmission of heavy loads. Spring steel 
is generally used in tension and shear, and rubber in 
compression and shear. 
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3. Philosophy of Safety 

Safety means exemption from hurt, freedom from 
peril. In an imperfect world there is no complete, no 
absolute, safety. We are continuously facing hazards, 
and so one can only speak realistically of degrees of 
safety and, indeed, of degrees of danger. There are 
various ways of measuring the degree of safety or 
danger. For instance, if in a pack ot 100 cards there 
is one losing card, then it follows from the laws of 
probability that for every one draw, the hazard of losing 
is 0-01 and, equally, the degree of safety against losing 
is 0-99. Alternatively, safety can be ascertained from 
experience. Thus, records may show, for instance, that 
out of m traffic movements in a specified area, nm have 
led to accidents. It can then be said that the hazard 
of an accident in one journey in this area is n/m and 
similarly the degree of safety (m—n)/m. Hazard and 
safety can therefore be looked upon as probabilities, 
which are mutually complementary and which add up 
to unity. 


3.1. SAFETY STANDARD 
Another important concept in the philosophy of 
safety is that of the “‘acceptable hazard,”’ and conversely 
the required degree of safety or the “safety standard.” 
This standard can be debated politically or philosophi- 
cally but not scientifically. It is mainly a matter of 
individual or of public opinion. In this connection I 
would recall a reply made by a parachute instructor to 
a question on the safety of parachutes in the last war: 
he thought they were very safe indeed—‘“‘only one in a 
thousand would fail.” This reply sounded quite reason- 
able against the background of war and the nature of 
the work involved, but if this were the safety standard 
of the London Transport system, the population of 
London would be halved in a matter of years. Evidently 
for different people there are different standards of 
safety. There is also another relevant aspect. The 
Railways are a means of transportation which is 
frequently used by the public. The safety standard is 
very high indeed—-with more than 500 M. passenger 
miles per fatal accident. Yet, despite this high standard, 
serious accidents are reported frequently because of the 
magnitude of operation. The railway safety is debated 
publicly and were there any material drop in the safety 
standard of the railways public response would be very 
loud. The same public, on the other hand, avail 
themselves occasionally of the pleasures of donkey rides 
on the seaside. It is a fact that the hazard of a donkey 
misbehaving dangerously is much greater than that of a 
train, and the distance that could be made on a donkey 
before meeting with a fatal accident would be substantially 
less than 500 M. miles. However, the annual aggregate 
of donkey ride miles is nothing like that of passenger 
miles on rails, and one hears consequently only rarely 
of fatal accidents on donkeys; and the public is not 
concerned with this problem. This is a case of the 
same people accepting different standards of safety on 
different occasions; i.e. a higher standard in everyday 
life and a lower one occasionally. Obviously we all like 
the highest possible degree of safety in all walks of life, 
but it is clear that there is no such thing as a common 
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standard of safety, to be compared with, for instance, 
a common standard of behaviour, or a moral or legal 
code which applies to all people and to all occasions. 
| can, therefore, see nothing unethical in the idea of 
differential standards of safety in the air transportation 
field, provided, of course, that the travelling public is 
aware of such differences. I suggest in fact two 
standards, a higher safety standard, which applies to 
the well-established means of air transportation which 
have been in use for some time and which achieve a 
high annual aggregate of passenger miles, and a lower 
standard for—as yet—novel means of air transportation, 
which are still in the introductory stage and achieve only 
a relatively small number of passenger miles per annum. 
I believe both means of transportation, the older and 
the newer, with their respective characteristics, fulfil a 
public need. 


3.2. SINGLE AND CUMULATIVE HAZARD 
Other fundamental concepts in the philosophy of 
safety are the single hazard and the cumulative hazard. 
Hazard has been shown to have the quality of a proba- 
bility and the above concepts are derived from the theory 
of probability. Assume a single hazard /, relating to 
one specific peril, then the safety associated with this 
hazard alone will be (1 —/,) (see Fig. 3). Assume also 
another single hazard h,, associated with another specific 
peril, and its complementary safety (1 —/,). Then these 
two hazards can be combined as follows: — 
(i) The cumulative hazard of the two perils arising 
conjointly is 


(1) 


(ii) The cumulative hazard of one or the other peril 
arising is 

h,-h)+h,Q-h) . 

(iii) The cumulative safety of none of the perils 
arising is 

(l-h,)(1-A,) . (3) 


4 h2 =I-h, 
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(iv) The cumulative hazard of at least one of the 
perils arising is 
1-(l-h) —A,). (4) 


Equations (1) and (4) will be of particular interest in 
the considerations of safety. These equations can be 


developed for any number of single hazards h aes 
i.e. the hazard of n perils arising conjointly is 


The cumulative hazard of at least one of the m perils 
arising is 


(6) 


If the single hazards h,, A,, . . . . A, are small com- 
pared with unity then equation (6) can be written, 
without much error, as 


H~h,+h,+h,....+h, (7) 


If the single hazards are equal then equation (5) 
becomes” 


(8) 
and equation (6) 
H=1-(1-h)" . (9) 
which for small values of / can be written as 
H=~nh (10) 


There are other factors besides the laws of proba- 
bility, which play a part in combining single hazards 
into a cumulative hazard. A typical example is the 
following: assume the hazard of a critical pilot’s error 
in reading one instrument to be A. With nm instruments, 
the cumulative hazard of at least one critical error 
having been made would be, by the laws of probability, 
H=n.h. However, with n instruments to read, the 
pilot can only spend on each instrument one n"™ of the 
time which he otherwise could devote to the single 
instrument. If frequent readings are important, this 
reduction of reading time may be embarrassing and the 
single hazard may therefore be increased perhaps n-fold; 
so that the cumulative hazard in this case will not be 
n.h but n’.h. Consider also another example; a load 
P is carried for safety reasons by a duplicated link L,L,, 
each half carrying the load P/2. Under these conditions 
the hazard of one link failing during a given time ¢ is A. 
Also, the hazard of the catastrophic event of both links 
failing in the same time ¢ is A’. However, should one 
link fail early in the time ¢, then the other will have to 
carry not P/2 but the whole load P for the remainder 
of t, and the hazard of failure under this load will be 
greater than A, say, for example, k.h, so that the 
cumulative hazard of a catastrophic failure, allowing for 
the change in stress levels, after the primary failure, 
could be as high as 


hxkh=kh? . (11) 


This indicates that in the assessment of cumulative 
hazard care must be taken in establishing all inter- 
dependencies (physical and otherwise) of the single 
hazards. 
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4. Cost of Safety 

It has been shown that safety and hazard can be 
regarded as complementary probabilities adding up to 
unity. Neither of them can be reduced to zero and 
therefore neither can reach the value of unity. This 
indeed is reflected in the cost of safety. ‘“*Cost’’ in this 
concept does not mean merely cost of procurement, but 
it includes also many other penalties, such as loss in 
performance, reduced useful life, and so on. A generally 
fitting definition of *‘cost’”’ would be “cost of operation 
per unit of service rendered.” 

A moderate measure of safety or hazard can be 
obtained at relatively low cost (point A in Fig. 4(a)). 
However, where the level of safety or the level of hazard 
is high, the cost will also be high (points B and C 
respectively). Indeed, if A approaches the value either 
of zero or of unity, C approaches infinity. 

This paper is concerned only with matters that are 
relatively safe, so that interest will be confined to the 
part of the graph that embraces only very low values 
of fh. Here the cost curve is of concave form and has 
generally a pronounced negative slope. Thus with 
decreasing hazard the cost increases progressively. 


4.1. CUMULATIVE HAZARD AND CUMULATIVE COST 

Let us now (see Fig. 4(4)) consider a number of 
hazards h,, h,, h,, each of which is connected with a 
certain cost, 


C.=f,@) (13) 
. 2 


Let us also assume that the total acceptable hazard is 
H, so that (for small values of h) 


h,+h,+h,=H . (15) 
also the total cost associated with H will be 
C,+C,+C,=Cy (16) 


It is a hallmark of good design that a given objective 
be achieved at a minimum of cost. The question which 
arises in this case is: how can the total cost Cy be 
reduced without affecting the hazard H and, especially, 
under what conditions will Cy, be a minimum? 

It can be shown (see Appendix) that C,, is a minimum 
for a given H when the component costs C,, C, and C, 
associated with the respective hazards h,, h, and h, are 
such that all slopes of the cost curves at these points 
are equal. 

Consider the derivatives dh the three cost curves 


which may be denoted by C,’, C,’ and C,’. Such 
derivatives are shown in Fig. 4(c) intersecting a hori- 
zontal line X —X, at the points P,, P, and P, which 
are associated with the hazards /,, A, and h, respectively. 
As P,, P, and P, are all points of the same C’, 
they give in combination a minimum for Cy, where 
H=h,+h,+h,. By moving the line X-X, up or 
down, minima for C,, can be found for other values of H. 

Calculations of this kind can, of course, only be 
made if the cost curves C for the different hazards are 
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Figure 4. Cost of safety. 


known. These are essentially empirical. In certain 
cases, as for instance in the field of ball bearings, a 
systematic collection and collation of experience has 
been made and probabilities of failure for specified lives 
and conditions of operation can be obtained from the 
makers. These, however, are the exceptions rather than 
the rule and much remains still to be done for a com- 
prehensive cost-hazard design “know-how.” But even 
if such comprehensive data were available, the success 
of balancing a design for a minimum of “cost” com- 
mensurate with a specified “safety standard” will 
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greatly depend on the designer’s ability to evaluate the 
numerous factors confronting him, some of which indeed 
are imponderable. It is in this aspect of design, where 
the element of art, as distinct from exact science, plays 
its most vital part, and where investment in experience 
pays the greatest dividend. The following may be taken 
as a rather elementary example to illustrate the case. 

An aircraft is exposed to the following engine 
hazards leading to catastrophic failure: - 

(i) Total power failure, /, 

(ii) Explosive failure, A,. 

The following assumptions are made (the figures are 
selected to suit this argument and do not necessarily 
represent aero-engine experience): - 

Hazard 
per Flight 

(a) The (acceptable) hazard from these 

two cases (H=h,+h,) must be less 

than 5x 10-° 
(b) Hazard of power failure for a light 

performance engine 10 

Hazard of power failure for a heavy 

and robust engine 

Hazard of critical explosive failure 

for a light high performance engine 10 

Hazard of critical explosive failure 

for a light high performance engine 

in protective steel shroud -* 

Hazard of critical explosive failure 

for a heavy robust engine 10°? 

The configurations shown in Table I and _ their 
cumulative hazards can be obtained with these engines. 
Of all these configurations, numbers 5, 6, 8 and 9 meet 
the required standard of safety. Of these, number 6 is 
probably the configuration offering the lowest cumulative 
cost C,,, and would therefore be selected as the optimum. 
It should also be noted that configuration 8 is slightly 
less safe than configuration 5. 


5. Fault and Failure 

The complete history of fault and failure extends 
from the origin, the fault nucleus, to the final catas- 
trophic failure of the whole working unit. A fault 
nucleus may exist quite early in the life of the unit. It 
may be a stress concentration due to faulty design, 
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material, manufacture or assembly. On the other hand, 
it may come about later in the life of the unit, as a 
result of misuse or accident, in the form of a scratch 
or a dent or the like. It may also happen, paradoxically, 
at an overhaul or an inspection of the unit. The course 
along which the fault develops can vary widely (see 
Fig. 5). It may be rapid, or slow, it may be straight or 
it may be beset with unexpected changes. In this con- 
nection the concepts of a primary fault and secondary 
fault are important. The primary fault is that developed 
directly from the fault nucleus. The secondary fault is 
one which is caused by a primary fault having reached 
a level of development sufficient to change the environ- 
ment of other parts of the working unit. Thus, for 
instance, a gear tooth may have a fault nucleus in the 
form of a scratch. A primary fault, in the form of a 
fatigue crack in the tooth, develops from this until part 
of the tooth breaks off. The broken piece may fall 
clear of other moving parts in the gearbox and thus 
have no further influence on the development of the 
fault; on the other hand, it may lodge itself in another 
part of the gear or in a bearing. In this case, a 
secondary fault develops, leading to further damage of 
the gear, and eventually to the failure of the working 
unit 


< 
FAILURE LEVE > 
a 
z u 
a 
EARLIEST POSSIB ME aCTUA 
A T VERY FA 
a VER 
ATENT PHASE Pra; Pract 
FAULT DEVELOPMENT FAULT DEVE MENT | 
i 
ME 
- 


Figure 6. Fault detection 
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However, whatever the course of fault development, 
there are two clearly distinguishable phases in every 
fault-failure history (Fig. 6). The first is the dormant 
or latent phase, which extends from the origin to the 
discovery of the fault, and which generally amounts to 
a considerable space of time. An important concept 
at this point is the detection level. The fault cannot be 
discovered until it has developed to the threshold of 
detection The actual discovery of the fault will, 
however, be somewhat later, when the fault has 
developed somewhat beyond the detection level. 

The period following the discovery of the fault may 
be termed the open phase of fault development, which 
may last anything from seconds to months. If during 
this phase the fault remains unattended it will develop 
progressively until final failure 


6. Methods of Fault Detection 

he life of a working unit is beset with faults, which 
begin from minute fault nuclei and grow at first invisibly 
and later visibly, until eventually they bring about failure 
of the whole unit. The number of these fault nuclei 
can be reduced by careful control at the manufacturing 
stage, but they can never be eliminated completely and 
it is therefore important that their growth be arrested, 
before they can develop into a serious threat. This can 
be achieved by suitable forms of fault detection during 
the life of the unit 


6.1. VERTICAL FAULT DETECTORS 

Figure 7 shows a typical life of a working unit with 
its faults. Early in the life the “built-in” faults lead 
to the familiar “teething troubles,’ then come the 
“random” faults, which appear during the major part 
of the working life, and finally there come the faults of 
“age.” Fig. 7 also shows, at regular intervals, a 
number of vertical lines—the “vertical fault detectors,” 
which represent the routine inspections at the ends of 
the “periods between overhauls."’ These vertical fault 
detectors extend from the “‘detection level” to the 
“failure level.”” They are therefore effective in detecting 
and stopping all faults, which have reached, at the time 
of the inspection, a level of development above that of 
detection, but they will pass others, which at the time 
are still below that level 
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Ficure 7. Typical faults in working unit. 


The level of development of a fault at discovery 
depends on three factors: - 

(1) The detection level of the fault detector 
(inspection). 

(ii) The time space between two consecutive 

inspections. 

(iii) The shape of the fault development curve in 

this time space. 

Clearly if the detection level is low and the time 
space between inspections short, then little opportunity 
is given for the fault to develop to a dangerous level 
at discovery. If, on the other hand, the curve of fault 
development rises abruptly, then a high level of fault 
development at discovery, or indeed a failure which 
before any discovery, may nevertheless be possible. 
Short periods between inspections, combined with low 
detection levels, are therefore desirable. Also steep 
rises in the development of faults must be avoided. 
This latter feature is a matter for design which will be 
discussed later. 


6.2. HORIZONTAL FAULT DETECTORS 

Another form of fault detector is shown in Fig. 8; 
this time it is “horizontal.” It represents a warning 
signal obtained either from direct observation or through 
warning devices. The warning devices may operate at 
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various levels of detection. They differ from the vertical 
fault detectors insofar as they operate, not just at certain 
intervals, but continuously throughout the life of the 
unit. However, they keep only a limited area of the 
working unit under observation, and are in this respect 
restricted. Such warning devices are particularly 
effective in the case of faults which tend to develop 
abruptly, and are liable to miss the vertical fault 
detectors. After discovery by warning, only a short 
time Ar need be allowed for (to complete a flight), 
during which a growth Af of the fault above detection 
level takes place. Even if the curve rises steeply during 
this time, Sf cannot amount to much, because Ars is 
small by nature. 


6.3. FORMS OF FAULT DETECTION 

The most common forms of fault detection are the 
visual inspection and the test for freedom of movement, 
which are generally made at certain intervals (V.F.D. 
vertical fault detectors) and also the oil temperature and 
pressure indicators which are essentially warning devices 
(H.F.D. horizontal fault detectors). The oil filter and 
the magnetic dipstick in the oil sump are well-known 
indicators of wear (V.F.D.). 

The oil and chalk method, the electro-magnetic 
method, the penetrant dye method (fluorescent or 
ordinary), the photographic methods, with X-rays and 
those from radio-isotopes, the ultrasonic as well as the 
eddy-current method are all very effective in the 
discovery of cracks. They entail, however, generally 
extensive dismantling of machinery and can therefore 
be carried out economically only at major overhauls 
(V.F.D.). 

Besides these well-established methods of fault 
discovery, I will describe some less known methods, 
which, because they constitute warning devices at low 
detection levels, are particularly useful for the detection 
of rapidly developing faults. 


6.4. HOT BEARING DETECTOR 

The break-up of a bearing starts generally with a 
deterioration of the bearing surfaces. This is accom- 
panied by a slight increase in bearing drag which causes 
a distinct rise in the bearing temperature. Such local 
trouble in the early stage of fault development is, 
however, insufficient to produce a general rise in the oil 
temperature, and the fault will remain undetected and 
develop, until serious deterioration and possibly a 
catastrophic failure occur. A_ bearing temperature 
indicator, however, sensing close to the critical surfaces, 
can show up the fault at an early stage and prevent 
catastrophic development. The indicator preferably 
takes the form of a low melting point joint (Fig. 9(a)) 
which, when melting, breaks an electric circuit and thus 
gives indication of the fault. Alternatively (Fig. 9(b)) a 
plug may be fitted close to the bearing surface containing 
a low boiling point fluid and a stopper, which acts as a 
circuit breaker. Such an indicator can be accurately 
adjusted to suit the local temperature conditions, and 
constitutes therefore a reliable warning device. A 
number of such units, together with an indicator in the 
cockpit (Fig. 9(c)), can be connected in one circuit. 
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Ficure 9. Hot bearing indicator 


6.5. RADIOACTIVE WEAR DETECTOR 

This device provides early indication of wear on 
gear teeth and bearing surfaces. It is based on the 
experimental techniques of radioactive tracers'”. In 
this arrangement, tooth faces (Fig. 10(a)) and bearing 
surfaces (Fig. 10(b)) are mildly impregnated to a suitable 
depth (about 0-005 in.) with radioactive carbon or 
radioisotopes of other suitable elements. This treat- 
ment renders the parts radioactive, though not sufficient 
to prevent handling and assembly of the parts by normal 
methods. The assembled unit contains a conventional 
oil circuit with oil tank and oil filter. So long as there 
is no wear on the impregnated components, the oil will 
remain clean; the smallest amount of wear, however, 
will render the oil radioactive. This can be detected in 
the laboratory on oil samples taken from the sump, or 
alternatively by the fitting in the oil filter of a suitably 
shielded Geiger counter or the like, showing on a 
cockpit instrument either the level of radioactivity of 
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the oil or the rate of change of such activity. Fig. 10(c) 
shows how the radioactivity of the oil in a gearbox will 
normally change with time. During the running-in phase 
it will rise relatively rapidly and thereafter, if the gears 
have been run-in satisfactorily, it will level off and 
remain relatively constant, until the development of a 
new fault produces new wear and further rise of radio- 
activity. 
6.6. “IN SITU’’ CRACK DETECTOR 

This device offers an early indication of fatigue 
cracks in certain types of mechanical components. 
These components are designed in such a manner that 
the stress carrying parts form the walls of a container, 
which may be subjected to a pressure test with a suitable 
liquid, such as oil. A sound part will hold this pressure, 
whereas one with even a small crack will lose pressure 
rapidly. This simple testing method is used in con- 
junction with a number of fail-safe mechanical 
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components discussed in the following Sections (Figs 
18 and 19). 


7. Design for Safety 

Designing for safety means, more precisely, design- 
ing to achieve a specified high standard of safety at a 
minimum of “cost.” In the following a few design 
principles will be given, which serve this purpose. 
Fig. 5 shows various forms of fault-failure history. 
Curve (a) gives a straight rapid fault development, which 
is typical of highly stressed parts. The time between 
the earliest possible discovery, when the fauit has 
developed to detection level, and that of failure, is very 
short; the hazard of such a fault remaining undeiected, 
until actual failure, is therefore relatively great. If the 
stress level in such parts is reduced, by the addition of 
material, the fault failure curve will be flattened 
(curve (b)), which allows more time for fault detection. 
However, the additional material entails generally sub- 
stantial additional weight, which adversely affects the 
economy of the aircraft. Thus the additional safety has 
been obtained at additional “cost.” A _ particularly 
undesirable form of fault-failure history is shown in 
curve (c), where the fault remains below detection level 
for some time and then suddenly rises to failure level. 
It is typical of breakdowns of highly stressed bearings, 
which fail suddenly without giving warning. A very 
desirable form of fault-failure history, on the other 
hand, is given in curve (d). Here, after a dormant 
period, the fault develops to a certain level, A, which 
is above detection level; the fault development is then 
arrested over a definite period after which it rises again 
until failure level is reached. Such a form of fault 
development can be obtained, without a serious weight 
penalty, by the following methods of design: 

(a) Arrangement of two links in parallel. 

This is the arrangement shown in Fig. 2(d)._ In one 
form, the links 1, and L,, share the load, and when one 
fails, i.e. when point A in Fig. 5 of the fault develop- 
ment curve is reached, the second link will continue to 
transmit the load for a given time. In another form 
(L,, A, and L.,, Ay, Fig. 2(d)) the load is carried at 
first by one link and after its failure by the other. 

(5) Arrangement of two articulations in series. 

Kinematically this amounts to providing an additional 
degree of freedom in the mechanism. It is schematically 
shown in Fig. 2(c). Thus, for instance, a shaft mounted 
on two bearings, arranged concentrically in series, has 
such freedom of rotation. When one bearing fails point 
A in Fig. 5 of the fault development is reached, but the 
movement of the shaft will remain unimpeded as long 
as the second bearing functions. 

The hazard of an undetected fault leading to failure 
can be reduced by the shortening of the period between 
consecutive fault detections. In Fig. 7 the latter are 
shown as routine inspections at regular intervals. It is 
evident that this hazard can be reduced to zero if the 
period between inspections could be made less than 
the time between the earliest possible discovery of the 
fault, when it has developed to detection level, and that 
of the failure. Different periods between inspections 
are clearly required for different fault development 


curves. The random nature of these curves does in fact 
not permit a unique relationship between the time 
between inspections and the hazard of an undetected 
fault; however, it is certain that such hazard decreases 
with time, and also becomes zero with time. Without 
specific information a linear decrease of hazard with 
time may be assumed. 

While frequent inspections are desirable in the 
interests of safety, they also introduce new hazards, 
involving, as they do every time, the dismantling and 
re-assembly of the unit; moreover, they produce high 
maintenance costs, which adversely affect the economics 
of the aircraft. This is, therefore, again a case of safety 
having been obtained at a “cost.” It is possible, 
however, by judicious design, to provide in many 
instances good facilities for fault detection without the 
need for dismantling, and thus achieve economically 
very brief periods between inspections. In some cases 
horizontal fault detectors will bring such periods almost 
to zero. 

It would be useful to examine the increases of safety 
that can be achieved by these design methods. For this 
we must in the first instance consider an average con- 
ventional component in a mechanism. It is likely to 
be in use over a period of 1,000 hours between con- 
secutive inspections, and in this period the hazard of an 
undetected fault developing to failure is approximately 
| in 10,000. Were the above period reduced to 20 
hours, then the hazard would be reduced to 1/50, that 
is, | in 500,000. If, moreover, these elements were 
duplicated (links in parallel and articulations in series) 
then, from the laws of probability, the hazard of a 
single fault developing would be approximately double 
the last figure, i.e. 1 in 250,000, but that of a double 
fault would be oo) in 20 hours or 
2x 10°" in 1,000 hours. The single fault is not critical, 
leading only to point A in the fault development curve 
(Fig. 5), but the hazard of a double fault, which leads 
to failure, has been reduced from 10™* to A 
very impressive improvement in safety!’ Examples 
incorporating these design principles are given in the 
following Section. 
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Ficure 11. Floating bush bearing. 
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Ficure 13. Control rod bearing 


8. “Safe” Mechanical Components 


8.1. FLOATING BUSH (FIG. 11) 

This is a simple example of a mechanism with 
freedom in two degrees, the first being the rotary 
freedom of the shaft relative to the bronze bush, and 
the second a similar freedom of the bush relative to the 
steel housing. There is a primary bearing A, and a 
secondary bearing B. Seizure of one of the bearings 
leaves the shaft still with satisfactory freedom. The 
floating bush carries an external collar by which 
freedom in both bearings can be tested frequently 
without the need for dismantling the unit. 


8.2. FLOATING BEARING RACE (FIG. 12) 
This, in principle, is like the floating bush 


8.3. CONTROL ROD BEARING (FIG. 13) 

This, like the previous examples, contains two 
bearings in series: 

(a) the ball bearing, 

(+) the rolling of the bearing on the control rod 

Normally there is a rolling movement in both bear- 
ings, but if the ball bearing seizes, (b) becomes a sliding 
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FiGureE 12. Floating race bearing. 
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FiGure 14(a). Typical fatigue failure. 
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FiGure 14() and (c). Fatigue failure in gear teeth 


bearing. Examples of this can be found in Bristol 
helicopters. 


8.4. ROTOR CONTROL SPIDER 

The control mechanism of a rotor comprising a 
number of rotor blades, each of which is articulated for 
independent movement in the plane of rotation, must 
have adequate freedom to permit such movement. 
More precisely, for an n-bladed rotor, there must be 
provided in the control spider, or in the associated 
mechanism, a freedom to rotate about the control axle 
in at least m degrees. However, to increase the safety 
of these mechanical components, an additional degree of 
freedom of rotation about the axle is provided. 

In the case of the four-bladed spider control shown 
in Fig. 15, there is one freedom of rotation between 
axle and hub, provided by two taper roller bearings, 
and in addition one freedom of rotation between the 
hub and each spider arm, making in all five degrees of 


2 
é 
— 
b 
~ 
~ 
| * 
| 
= 
A 
(cj L 
| 
V4 
\ 
| 


OF THE ROYAL AERONAUTICAL SOCIETY 


CONTROL AXLE 
(NON-ROTATING) 


SPIDER 

HOUSING 
“ne 


SPIDER ARM 
(ROTATING) 


Figure 15. Rotor control spider. 


freedom of movement. Should one of these bearings 
seize, there is sufficient freedom left in the control spider 
to enable it to function. 


8.5. WIDE GEAR TEETH 

A fatigue crack always begins at a fault nucleus and 
develops from there in ever increasing circles, as can 
be seen from a typical fatigue failure on a lug (Fig. 
14(a)). In the case of a gear tooth, such fatigue failure 
will take the shape shown in Fig. 14(c). If the tooth is 
narrow relative to its height, then a fatigue crack will 
result in the loss of the whole tooth (point a in Fig. 14(c)) 
with consequent catastrophic failure. In a wider, but 
smaller tooth, carrying the same load, a fatigue failure 
will, however, only result in a partial loss of the tooth 
(see point 6 in Fig. 14(b)), and the remainder of the 
tooth will continue to carry the load satisfactorily for a 
certain time; during this time wear will take place, 
which can be detected by some of the methods of fault 
detection given earlier in the paper. The probability 
of two fault nuclei occurring on the same tooth is 
extremely small. The wide gear tooth has therefore the 
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Figure 16. Hafner gyroplane tie-rod articulation. 


properties of a duplicated component with all its safety 
advantages. 


8.6. DUPLICATED BLADE ARTICULATIONS 

Rotor blades are subject to small cyclic movements 
about the pitch change axis and simultaneously to high 
centrifugal forces. The pitch change articulations of 
such blades perform therefore a heavy duty. 

(a) In the Hafner Gyroplane they were devised as an 
elastic articulation in the form of a torsionally flexible 
tie-rod (Fig. 16). In order to produce a high degree 
of safety in this vital articulation, it was duplicated 
(L,, Loa, Ay, Aga in Fig. 2(d)). The blade sleeve termin- 
ated in a flange which was enclosed by a clamp nut and 
ring, carried by the blade axle. Normally the blade 
flange and clamp ring were just out of contact, however, 
in the event of failure of the tie-rod, or of an excessive 
load, they made contact and formed the secondary pitch 
change articulation. The higher drag of this bearing, 
compared with that of the tie-rod, constituted a practical 
warning device. 

(6) In the Bristol helicopters elastic blade articu- 
lations are also provided in the form of tie-rods (Fig. 17). 
Each tie-rod consists of eight segments, and if one, or 
even two, segments fail, the remainder are capable of 
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Ficure 17. Bristol helicopter segmented tie-rod articulation 
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FiGure 18. Double-walled shafting. 


fulfilling the function of the articulation. The safety 
of a segmented tie-rod is very high indeed. 


8.7. DOUBLE-WALLED SHAFTS 

The hazard of a shaft failure can be greatly reduced 
by the construction shown in Fig. 18, which consists in 
principle of a duplicated link (L,, L.,, in Fig. 2(d)). Two 
tubular shafts (A and B) of approximately equal 
torsional strength and stiffness are telescoped into one 
another, sealed at their ends and bolted to coupling 
members or the like. The outer shaft carries a nipple, 
to which can be attached a crack detector in the form 
of a hydraulic pressure unit described in Section 6. 
Normally both shafts share approximately equally in 
the transmission of torque. Should one of the shafts 
develop a crack or fracture, then the other is instantly 
capable of transmitting the whole torque for a given 
time. The crack can however be detected readily by 
the hydraulic pressure test in the early stage of develop- 
ment when the damage is still small. 


8.8. DOUBLE-WALLED PIPING 

Pipe lines are frequently used in the lubrication 
system of a gearbox. The hazard of a critical breakage 
of such a pipe line can be greatly reduced by the method 
just described. The “safe” pipe line consists of two 
telescoped pipes (A and B in Fig. 19), which together 
form a double-walled pipe. Such a pipe can be bent, and 
generally manipulated and connected to unions like a 
single-walled pipe of equivalent gauge. 
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Ficure 20. Duplicated oil seals. 
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Figure 19. Double-walled piping. 


8.9. DUPLICATED OIL SEAI 

Oil seals, especially those operating under a head of 
liquid, are critical elements in a gearbox. In_ this 
instance also, the principle of duplication greatly 
enhances the safety of the unit. Fig. 20 shows a primary 
oil seal, of conventional design, backed by a secondary 
seal, which, during rotation of the shaft, returns by 
centrifugal action any oil which may have passed the 
primary seal. However, when the shaft comes to rest, 
the secondary oil seal becomes inoperative, and will 
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FiGure 21. Duplicated oil system. 
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show up any fault that may be present in the primary 
seal. 


8.10. DUPLICATED OIL SUPPLY 

In Section 2 the need for duplicating the means of 
oil circulation in a vital transmission system is indicated. 
Such an arrangement is shown in Fig. 21(a). The normal 
oil supply is obtained from a primary pump, which is 
gear driven. So long as this supply is satisfactory, and 
there is appropriate pressure in the primary oil circuit, 
the pressure switch remains inactive. However, if the 
pressure drops below a critical value, the pressure switch 
will close an electric circuit and, through an electro- 
motor, set the secondary oil pump in operation and thus 
maintain the vital supply of lubricant via a secondary 
oil circuit. Instant warning of pressure drop in the 
primary oil circuit is given by a warning device shown 
in Fig. 21(d). 


8.11. LOAD-LIMITING DEVICES 

Mechanisms are on rare occasions, due to unusual 
circumstances, subjected to loads which are well out- 
side the normal working envelope; it is therefore 
necessary (see Fig. 2(d)) to safeguard the mechanism 
against such overload by means of a load-limiting device. 
Fig. 22 shows such a device in the form of a load- 
limiting strut, which is used in the control system of 
the Bristol Type 173 helicopter. Torque-limiting 
clutches are also used in many places in the transmission 
systems of Bristol helicopters. 
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Fioure 22. Load-limiting strut. 
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FiGurRE 23. “Safe” power and transmission system for tandem 
rotor helicopter. 


9. A “Safe” Power and Transmission System 
for a Tandem Rotor Helicopter 


In the following a power and transmission system 
is described, which has been designed especially to 
conform with the high standard of safety that holds true 
of the modern transport aircraft. The system consists 
of two distinct sections (see Fig. 23): 

(a) The power section, comprising the power plant, 
gears and shafting, up to the uni-directional 
torque-limiting devices (freewheels), F. 

(b) The rotor section, comprising the rotor gears, 
synchronising gears, synchronising shaft and rear 
rotor shaft, the accessory drive and gear, and 
the lubrication system. 

The power section is fully duplicated, as in the twin- 
engined fixed-wing aircraft, and each portion is capable 
of maintaining the helicopter airborne, should the other 
fail. The stopped portion is automatically separated 
from the rotor section by means of the freewheel. In a 
fully duplicated power section, there is no need for fail- 
safe mechanical components. 

The rotor section, as distinct from the power section, 
represents a single, indivisible unit, and to achieve here 
a high degree of safety the fail-safe design principles are 
applied to the fullest extent. The design is character- 
ised by extreme simplicity and a minimum of mechanical 
components. Only two pairs of rotor gears and two 
pairs of synchronisation gears are used in the power 
transmission. Normally only four gear wheels and one 
shaft drive the rotors, and the synchronisation drive 
comes under load only, when one of the engines is 
inoperative. All critical gears are designed with wide 
gear teeth having radioactive faces (R). Also all critical 
bearings in gearboxes have radioactive faces (R). 
External gears only are used and each pair of gears is 
separated from bearings or other gears, to ensure that 
a broken-off gear tooth will not come into contact with 
moving parts, and thus cause a secondary failure. 
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Floating bearings are used where applicable, all shafts 
and oil pipes are double-walled, oil pumps are dupli- 
cated, and hot-bearing detectors are carried on isolated 
bearings. Torque-limiting clutches are fitted at suitable 
points to protect the system from excessive loads 


10. Conclusions 

It has been shown that mechanisms are made up 
from basic components or elements which are very 
similar to those of structural elements. The safety 
concepts which have been evolved with modern aero- 
plane structures can, therefore, with suitable adaptations 
be applied to mechanisms. Such “‘fail-safe’” mechanisms 
can achieve, in conjunction with suitable methods of 
fault detection, a very high degree of safety. The 
arrangement of links in parallel and of articulations in 
series, together with specific forms of fault detection, 
are particularly promising. A shift in emphasis has 
been made from “safety through freedom from faults” 
to “safety through timely detection of faults.” Generally 
there are good reasons for assuming that mechanisms 
can be made sufficiently safe and reliable to perform 
the vital and difficult tasks which the coming phase of 
aeronautical evolution will demand, especially in the 
VTOL field, including the helicopter. 
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APPENDIX 


DERIVATION OF MINIMUM COST FOR A GIVEN HAZARD 
Suppose that the hazard associated with a single 
component be /, then the chance of no failure (safety) 
l—h 
The overall chance of n components not failing 


=-(1—h,) (1—A,) 
which. if A is small, 
~ (1—NhA) 
i 
Thus the cumulative hazard 
1 


Now 0 < A < 1 and the cost C for a certain component is 
a function of / (see Fig. 4(a)). 
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For n components there are n such functions (see 
Fig. 4(b)). From such a family of curves a family of 
gradients can be obtained (see Fig. 4(c)). Choose a line 
¥—X, at a value 

dC 
dh 


P, such that Sh=H 


with points of intersection P, P 


H is the allowable hazard 
We may vary the individual hazards h, but H must 
remain constant, 


S(h+Ah)=H 


l 
therefore SAh=0 


The total cost for the allowable hazard=C,,, i.e., 


n 


Cy==2C and C, can vary 


n 1 
Now Cyt+ACy=2C +S — Ah 
l dh 


but we have chosen line X¥ — X, such that 


dh 


n 
therefore C,,+AC,=YC+C’SAh 
1 


But SAA=0 and {C=C, 


therefore AC,,=0 


Thus C, has a turning value for a set of A such that 
NA=H and dC/dh=C’. By inspection C,, will be found to 
be a minimum 
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W. Tye (Air Registration Board, Fellow): He had 
listened to Mr. Hafner’s lecture with interest, pleasure, and 
admiration because Mr. Hafner had used to better effect 
“tools” which he himself had used in trying to cultivate 
airworthiness themes. 

‘Mr. Hafner remarked that he saw nothing unethical in 
differing standards of safety. Like the lecturer, he saw no 
basic reason why the individual traveller should not make 
up his own mind on the risks he was prepared to take in 
relation to the benefits he derived from choosing a particu- 
lar means of travel. But that was a debatable matter, as it 
depended on the traveller knowing the facts, and he had 
seen no great enthusiasm publicly to declare that a par- 
ticular aircraft offered a sub-standard level. 

The lecturer had rendered a big service by showing the 
possibility of applying fail-safe concepts to mechanisms. 
The reasons he attached much importance to the lecture 
were as follows:— 

Mechaxism in aeroplanes, from the engine down to the 
smallest instrument, failed with monotonous regularity. 
Typical failure rates were of the order of once in 1,000 
flights, but they were striving to construct aeroplanes which 
suffered accidents no more often than once in a million 
flights. Thus the complete “assembly” needed to be 1,000 
times more reliable than its individual component. If the 
aeroplane’s safety relied solely on single mechanisms, they 
could seek to increase their reliability by putting more 
weight into them, but it seemed very improbable that this 
would give the vast increase of reliability needed. So, in 
fact, the practice was to duplicate, triplicate, or quadrupli- 
cate the mechanisms and no one could feel entirely happy 
that this was the most economic sclution. 

In some design contexts duplication of the complete 
system was virtually precluded. For example, where the 
power units of a helicopter united in the transmission. So, 
particularly in the helicopter field, but also over the whole 
range of mechanisms, Mr. Hafner had made proposals 
which, if put into practical effect, could put the level of 
reliability on to a totally new plane. 

It was perhaps curious that aircraft mechanism design- 
ers who did remarkably good engineering jobs, had not yet 
made products with sufficient reliability to avoid duplicat- 
ing them. He hoped that acceptance of the past state of 
affairs would not delay efforts to give effect to some of the 
lecturer's proposals. There would no doubt be much hard 
practical development work to do. But one hoped the 
novelty of some of Mr. Hafner’s ideas would not prejudice 
them as it could well be that these new ways of achieving 
safety would in the end turn out to be more economical. 


Mr. Hafner: In Mr. Tye’s comments there appeared to 
be only one point for debate—the question of different 
standards of safety in aviation. Mr. Tye used the expres- 
sion “sub standard level.” These, perhaps, were hard 
words. On the roads they had, among others, the auto- 
mobile and the motor cycle. Neither was the former 
associated with a “super standard level” of safety, nor the 
latter with a “sub standard level” of safety, but they were 
known to have just different standards of safety. 


Professor J. A. J. Bennett (College of Aeronautics, 
Fellow): He congratulated Mr. Hafner on his most attrac- 
tive presentation of a subject that had scarcely been 
depicted in such a colourful way before. It differentiated 
between safe structural and safe mechanical components 
and had whetted their appetite to learn also about safe 
electronic systems and, as pilot errors were so often blamed 
for aircraft accidents, safe operating techniques. 


DISCUSSION 
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In rotary-wing aircraft, where periodic excitation could 
occur over a very wide spectrum, safe vibrations would be 
an appropriate subject for special study. Mr. Hafner had 
mentioned load-limiting struts and torque-limiting clutches 
for safeguarding mechanical components from abnormal 
loads. Perhaps also simple dynamic absorbers could be 
devised as safeguards from excessive vibration. 

There was often the possibility, however, that the cure 
might prove to be even worse than the disease. Articula- 
tions and mechanical links had no doubt a cardinal use. 
as Mr. Hafner had said, and especially so in the helicopter, 
but one classic example of what could happen was the 
int:oduction of the flapping hinge by Cierva. Although 
this resulted in the first Autogiro flight, it started a long 
series of teething troubles, some of which even still beset 
them. The flapping hinge allowed the tip-path plane to 
tilt in response to dissymmetry of aerodynamic loading, 
and drag hinges were introduced to relieve the resulting 
Coriolis moments. The extra degrees of freedom allowed 
the hub to oscillate in a self-excited mode and artificial 
damping had to be provided. If this damping was too 
severe there were high stresses imposed on the blades and, 
if the damping was insufficient, at take-off or landing, the 
hub indulged in a simulated “hula-hoop” demonstration 
with catastrophic possibilities. All this resulted from what 
appeared to be, when it was introduced, a simple safeguard. 

Thus, the apparent advantages of a mechanical device 
were sometimes bought at the expense of compensating 
disadvantages. He thought Mr. Hafner would agree that 
over-pitching of the rotor had been a primary cause of 
accidents in the helicopter and yet automatic devices that 
had been used to avoid this hazard had themselves been 
potentially unsafe mechanisms. 

As other VTOL aircraft would tend to depend even 
more on mechanisms than the helicopter, the subject-matter 
of the lecture was of increasing significance. It was 
suggested recently that automatic stabilisation systems in 
VTOL aircraft would require not only duplication of 
components or triplication but even quadruplication and 
he would like Mr. Hafner’s comments on such a trend. 


Mr. Hafner: He was indeed alive to the fact that any 
device, and this included especially those contrived in the 
enhancement of safety, had hazards of its own. It was the 
designer’s task to ensure that the total hazard obtained in 
the assembly was a minimum. This he thought he had 
clearly demonstrated in the second part of Section 4. 

The automatic stabilisation of VTOL aircraft was 
indeed a serious problem. If the aircraft were dependent 
on such stabilisation equipment for its safety, then triplica- 
tion at least in some of the components of such equipment, 
was essential. As distinct from mechanical links and 
articulations, where mere duplication offered a substantial 
increase in safety, the faulty components being automatic- 
ally superseded on failure by the second one, certain 
sensing devices used by the human as well as the automatic 
pilot, could not be improved by this method of duplication. 
If duplicated indicators—as a result of a fault in one of 
them—gave contradictory indications, it was generally not 
possible to establish which of the two indications was the 
correct one. A third indicator could resolve this uncer- 
tainty by eliminating the odd indicator with the singular 
indication. In triplicated automatic stabilising equipment 
for VTOL aircraft, such elimination was usually effected 
automatically. 


J. Taylor (Royal Aircraft Establishment, Fellow): He 
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would like to compare some of the ideas they had heard 
on safety in mechanisms with some of his own ideas on 
safety structures. Mr. Hafner had given an excellent ex- 
position of a fail-safe philosophy and they should note that 
even his broken mechanism was capable of withstanding 
all the design loads. Admittedly this could be done for a 
limited time only because of wear and fatigue 

The ideal Mr. Hafner seemed to be aiming at was a 
mechanism which had a load limiter in it and which had 
all its parts duplicated in such a way that each duplicate 
member was unloaded until its main member had broken 
Such an ideal would be wonderful, as even the second line 
of defence could then be designed to have a safe life well 
above any inspection period. 

In the early days of aircraft the structures were designed 
to withstand the full design loads with any one of the wires 
connecting the upper and lower wings broken. Nowadays. 
of course, structures were far more complicated and far 
more redundant, and the determination of the remaining 
strength of a broken structure was almost impossible 
except by test. He thought the structure people should 
try to copy Mr. Hafner’s example of maintaining the same 
design loads for the broken as for the unbroken mechanism 
by not pressing for a reduction in design loads for broken 
structures. 

He knew statistical methods could be used in many 
different ways, nevertheless he proposed to give the answer 
to one hypothetical case. Suppose they had a fleet of 
aircraft with an ultimate strength of 4g, based on a 50 ft. 
per second gust, and they wished to allow certain of the 
aircraft to break in service. If they permitted 5 per cent 
of the flying to be done by broken aircraft, having, say, a 
strength of 85 per cent of the design ultimate, then the 
broken fleet alone would encounter limit load as often as 
the whole of the unbroken fleet would have done otherwise 

His own view was that even the most highly redundant 
parts of a structure should be replaced after a calculated 
life in which on average one per cent would be found to 
be broken and regard a drop of strength of 10 per cent as 
the absolute limit even on these broken structures 


Mr. Hafner: He was broadly in agreement with Mr 
Taylor. The risk with partly broken aircraft in a fleet was 
relatively high and one should endeavour to make the 
strength in an assembly with a critical primary fault 
developed to point A (in Fig. 5) adequate to cover the whole 
loading envelope. In addition, frequent but simple and 
inexpensive inspections of the kind indicated in the paper 
would ensure that flying time with partly broken aircraft 
was reduced to a minimum 


A. J. Cope (British European Airways): There were two 
points he wished to raise. The first was the one Mr 
Hafner made about the public accepting a motor vehicle 
If one’s motor bearing failed it did not necessarily mean 
that one would be killed; one went down to the brake drum 
and came to rest. If instead one fell 6,500 ft. every time, 
there would be much more about it in the newspapers and 
much less public trust 

The other point which he must take Mr. Hafner up on 
was his case of the pilot error in reading the instruments 
Now this was statistics based on a false assumption, it was 
not very relevant but he must not let it go. If a pilot 
misread the pitch information on his artificial horizon by 
five degrees and that was all there was to it, he would have 
a fatal accident, but within a very few seconds he had an 
indication of his A.S.L., his rate of climb and his altimeter. 
In this particular case they had a redundancy of informa- 
tion, which caused the safety. He said this in case any 
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potential customers thought it was very dangerous to fly 
with lots of instruments 

One thing which interested him in particular was the 
question of bearings and bearing-failures. These could be 
very serious in helicopters and one cause of failures was 
loss of lubrication. He would think there was considerable 
scope for the use of dry bearings in cases where there was 
limited motion; carbon bearing or PTFE. Such bearings 
could rule out failures due to loss of lubrication. It was a 
subject that he would like to hear more of. A subject 
which had already been covered was killing oneself with 
safety with faulty protectors. That was a subject which 
needed much thought. They had had many aircraft, which 
were overweight, land in bad weather; the pilot, in an 
agitated state of mind, with fire engines, and ambulances 
standing by; all because a faulty freight hold smoke 
detector was showing a red light and in nearly eleven years 
of operation they had never had a fire in a freight hold. 
The risks due to having this detector had been infinitely 
greater than not carrying it. A thought that ought to be 
borne in mind when fitting detectors was that they did not 
kill themselves with safety. 

In the written paper Mr. Hafner referred to a detector 
light being on at half brilliance normally and full brilliance 
when the danger occurred. This did not work. Half 
brilliance at night was brighter to the pilot than full 
brilliance in the daytime. Also, one could not have a state of 
affairs where the pilot always had a light showing which 
could mean danger. There must be no light there at all 
until the danger occurred, then the light must come on at 
full brilliance. It was a small detail but important. 

Concentric pipe lines were only now being used to cater 
for pipe breakage, but they did not guard against troubles 
with the unions on pipes. Those were a constant source 
of trouble, and the concentric pipe did not overcome their 
failure. Looking at Fig. 21(a), it seemed to him that Mr. 
Hafner had gone to a lot of complication with weight and 
cost and that it could be done more simply. If the feed 
to the primary pump were taken from a stack pipe, instead 
of at the bottom of the sump, one could use single pipes 
all the way with no non-return valves and just one pressure 
switch. The supply for the secondary pump should come 
from the bottom of the sump with a single pipe all the way 
to separate jets for the gears. Now any union or pipe 
could fail, and half the oil would be lost, but the other 
system would instantly come into operation by the pressure 
switch. That was no heavier, did not need concentric pipes, 
and appeared to be simpler with true duplication. No 
single point of the primary system could fail and lose all 
the oil. 

Mr. Hafner had referred to not having too many in- 
spections; if one could have a long life with no inspections 
it would be much better. He did not know what factors 
mechanism designers had to apply to their mechanisms but 
after they had applied all the required factors they should 
apply a final factor which, for the want of a better name 
he would call the “moron factor.” Any mechanism that 
could be taken down and re-assembled the wrong way was 
a hazard. The design of components which could not be 
assembled the wrong way round and which were easy to 
inspect was an aspect of design to which they did not seem 
to give much attention. B.E.A. in the past few years had 
thrown all mild steel nuts out of stores; this was just to 
make sure that nobody could put a mild steel nut on in 
place of a high tensile steel nut. They were at present 
designing a modification which introduced an interference 
bar. The interference bar would only be used if a man 
attempted to fit to an aircraft a certain sub-assembly which 
was wrongly assembled. Wrongly assembled parts could 
be fitted and had killed people. It was this factor, the 
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moron factor, which he would like to hear peopie’s views 
on and design features that were a means of stopping 
people assembling things wrongly. It would be a good idea 
if, after they had finished their first mechanism they 
employed a team of morons to put it together to see if they 
could do it wrongly. Regrettably there was some evidence 
to support the suggestion that some manufacturers already 
did this; unwittingly. They must remember that when 
they had designed a mechanism, unless these moron factors 
were applied, the integrity of the mechanism was no greater 
than that of the last man that handled it. 


Mr. Hafner: Mr. Cope had evidentiy misunderstood the 
argument in the reference to instrument reading. He did 
not refer to the safety of the blind flying instrument panel. 
which gave redundant information on one item, but to the 
reading of a number of indicators which gave non redun- 
dant information on a number of items, such as, six 
indicators for the six oil temperatures of six engines in a 
large aircraft. His conclusions applied to such a case. 

He agreed that, for a warning device always to “fail 
safe,” it was not sufficient to ensure that it would always 
give warning in a real emergency. Giving a false alarm 
was often a serious hazard. It was with this case in mind 
that he made the example of the detector with a red light 
at half and full brilliance. While the form of presentation 
of such a detector might be open to criticism the principle 
of it seemed to him to be most desirable, insomuch as it 
could not fail to give warning in a real emergency and also, 
it could not give a false alarm. The light could be replaced 
by a voltmeter with four critical points on the dial, i.e. 

(i) Zero voltage showing a fault in the indicating 
system. (ii) Low voltage corresponding to half brilliance 
of the light. (iii) High voltage corresponding to full brilli- 
ance of the light and (iv) Maximum voltage showing a fault 
as in (i). 

There were many ways of making duplicated lubrication 
systems and it was not possible here to discuss in detail all 
the points to which Mr. Cope referred. He must confine 
his comments to say that in any form of “fail safe” 
lubrication system exfernal oil pipes must not fail, and he 
would point out as well that oil leakages happened 
frequently which were capable of draining the system with- 
out a material drop in oil pressure and, therefore, without 
the warning switches coming into operation. Hence the 
proposal for concentric pipes for external oil lines. 

He was grateful for Mr. Cope’s reference to what he 
called the “ moron factor.” The classic example, of course, 
was the crossed rudder wires. 


Mr. Cope: The point he was trying to make was that in 
the primary system, the feed to the primary pump should 
come off a stack pipe, then one could use a simple primary 
system with one pressure switch, no non-return valves, and 
no concentric pipes. Simple pipes, simple unions, simple 
pump, and one pressure switch. 

The secondary pump should feed from a separate con- 
nection at the bottom of the sump, then if the primary 
system failed there was oil below the stack pipe, and one 
had an entirely separate pressure system feeding separate 
jets in the casting and all the pressure switch did was 
switch on the motor and the warning light. They then had 
two isolated systems (except for the pressure switch), with 
less weight, less complication and greater integrity. 


T. G. G. Newbery (Ministry of Supply): He would like 
to refer to the diagram of failure against time (Fig. 5). 
The three lines which he would like to deal with were the 
rapid failure (a), the straight development at a slow rate 
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(b), and the nasty one (c). In the development of a heli- 

copter transmission system he would expect to see (a) 
eliminated during normal development. (/) was also pre- 
dictable and if not entirely eliminated in development it 
should be taken care of. However (c) went along very 
nicely so far and then something happened one could not 
predict and it happened so quickly that one was caught 
out. This type of failure could arise from a number 
of factors: it could arise from the result of wear and tear, 
which produced a condition which lead to rapid failure and 
which was not detected by the normal overhaul inspections 
it could occur as a result of damage which, again, was not 
detected by a normal inspection, or on the other hand it 
could occur as a result of a combination of circumstances 
which arose in flight, possibly on one or a few aircraft as 
distinct from the normal run of aircraft, which produced 
a set of conditions which gave rise to a rapid failure and 
all those cases could not be predicted during the norma! 
development. In the other cases ninety-nine per cent of 
them could be taken care of during development, but even 
with these there might be the odd condition where a fault 
in one part slipped through, was not picked up on inspec- 
tion, and one could have failure (a), or failure (5). It was 
in those cases where he felt the ideas which Mr. Hafner 
had put forward would give them that additional safety 
which they could not get -s a result of their present philo- 
sophy in development. They could go a long way towards 
increasing the standard of reliability, which they had at 
present. He thought it must be admitted that the standard 
which had been shown by helicopters in the past had not 
been at all good, but at the same time he thought they 
were learning and were going a long way now to improving 
that standard by adequate development testing, both rig 
testing, ground testing and, more important still, adequate 
flight testing. But in spite of all that could be done during 
development there were random cases which would be 
picked up by the sort of ideas Mr. Hafner had put forward 

There was one additional suggestion which he thought 
justified serious consideration to increase the reliability. 
still using their present efforts. It had been suggested that 
the standard of safety could be increased by reducing the 
time between overhauls, but that was going counter to what 
all the operators wanted, they wanted to increase the time 
between the overhauls, and he felt that could be done 
provided the overhaul inspections were done in a thorough, 
logical way and all the evidence available from them was 
made use of. In addition to that there was a case, he 
thought, for making repeat fatigue testing of components 
after they had been in operation for a pre-determined 
period. That might pick up the sort of thing in curve (c) 

He felt that Mr. Hafner had made a good case for the 
philosophy which he had outlined. He did not agree 
entirely with ali the examples suggested or all the means of 
implementing this philosophy, but he did not think there 
was any doubt that the philosophy as such was sound 

One question which arose was the question of cost 
Increased safety, by those means, was going to cost some 
thing and the ultimate answer, he thought, on whether 
those ideas were adopted would be the inevitable compro- 
mise as to whether the advantage justified the cost. 

In the design of the twin rotor system he noticed that a 
torque limiting device was included in the synchronising 
shaft. The torque limiting device which they were shown, 
as he understood it, was something which slipped when it 
was overloaded. If one had a tandem rotor helicopter. 
particularly if the rotors overlapped, he thought it would 
be unsafe to have any slipping in the synchronising shaft. 

Another point was the question of duplicating the lubri- 
cation system. On this particular design there were these 
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two pipes going from the rear box to the front gear box 
His own opinion was that they would be better eliminated 
by making the front gear box have its own lubrication 
system. Another point on duplication was that it was not 
catastrophic if a gear box oil pump failed, one had had that 
demonstrated. Even if the oil pump did fail and the gear 
box did not get any lubrication it did not immediately pack 
up, and the gear box would go on functioning long enough 
for the helicopter to make a safe landing. He would suggest 
that one means of improving that condition, without the 
necessity of duplicating the oil pump system, might be the 
use of Molybdenum Disulphide which was coming to the 
fore and showing great promise in certain applications. It 
might be that if that were used in conjunction with the 
normal oil supply then there would be sufficient inherent 
duplication in the Molybdenum Disulphide coating on the 
gears to extend the period during which the gear box would 
continue functioning. In the horizontal detector in one 
of the diagrams, the period between detection and stopping 
flight was short and in this case he thought that duplication 
of the lubrication system might not be necessary 
He emphasised that these were his own opinions 


Mr. Hafner: He was glad to have Mr. Newbery’s agree- 
ment, at least in principle, with his philosophy of safety 
in mechanisms. He was, of course, not suggesting that all 
his examples for “fail safe” mechanical components should 
be used in all future VTOL aircraft, but suitable com- 
promises would obviously be made. Medicine should 
always be taken in moderation. This applied among others 
to the duplicated lubrication system shown in Fig. 21(a) 
Its object was primarily—he would repeat—illustration of 
his philosophy. If Molybdenum Disulphide coating could 
be shown to function satisfactorily over a specified period 
following an oil starvation sufficient to meet the relevant 
requirements, then this together with a single lubrication 
system, might be regarded as a satisfactory “fail safe” 
arrangement. This might well be the case, for instance, 
with single engined helicopters 

Slipping clutches were, of course, only permitted 
between rotors which did not intermesh 


O. L. L. Fitzwilliams (Chief Engineer, Westland Air- 
craft Ltd., Associate Fellow): He had much enjoyed read- 
ing Mr. Hafner’s paper, whose thoughts, as usual, were very 
stimulating. However, he would like to be quite definite 
in stating that, in his view, this was a very dangerous paper. 
Mr. Hafner had raised many points for discussion but the 
time available confined him to two 

Firstly as to means of securing continued operation 
after failure, and detection of the failure, he would like to 
follow up what Mr. Newbery said concerning a gear box 
which continued to operate after oil pump failure—actually 
it operated for some six hours at cruising power and this 
was in the case of a precaution they took concerning some 
machines operating over Antarctic waters. The reason it 
did so, however, was quite definite. It was not an accident 
and it was not generally true. The reason was that the 
large input bevel gear dipped into the oil so that the 
interior of that gear box was like a washing machine, and 
it continued to be lubricated. 

Similarly certain bearings, at an early stage of the 
development of that gear box, also failed (they were needle 
bearings). When they did so they formed themselves into 
a bad kind of plain bearing and continued to operate. In 
both cases they gave warning because the temperature of 
the oil did rise—and that natural kind of fault-warning he 
agreed with. He did not like the kind of fault-warning 
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devices or the unnatural kind of duplication which Mr. 
Hafner proposed 

A more fundamental point was that, in his view, Mr. 
Hafner destroyed his own case (that mechanisms could be 
made safe) by the manner in which he presented curve (c) 
of Fig. 5. 

(Accepting curve (c) for the sake of argument, he would 
remark that in his experience most failures thought to be 
of this nature were probably due to accidental damage 
e.g. when unexpected scratches had occurred in pressing a 
new bush into a component which might have operated for 
ten years satisfactorily beforehand. This would be equiva- 
lent to projecting the steep right-hand side of curve (c) 
directly down to the base line, making it merely a post- 
dated version of curve (a).) 

What Mr. Hafner was saying was that one could not 
guarantee against failure of the kind illustrated by curve 
(c), therefore one must duplicate so that when failure did 
occur the result would not be catastrophic. But this was 
ridiculous, because one could not duplicate everything, 
therefore there would be components which were not 
duplicated, therefore according to Mr. Hafner catastrophe 
could not be prevented 

Now he thought this was fundamentally wrong. And 
he disagreed with the view which Mr. Hafner implied (for 
example by the steepness of the cost curve in Fig. 4(a) 
where the cost went to infinity as the hazard approached 
zero—and in other parts of the paper which implied that it 
was impossible to reduce stresses to a safe level in 
unduplicated parts). 

In his view the problem of safety in mechanisms was 
not much concerned with those components which could 
be eliminated from consideration by playing with them the 
sort of tricks described in Mr. Hafner’s paper. The prob- 
lem of safety in mechanisms was concerned precisely with 
those parts which could not be duplicated or provided with 
tell-tales and it was essential that standard stressing and 
testing methods should be developed to any extent necessary 
to ensure safety in such parts. This problem could not be 
dealt with by the methods advocated in Mr. Hafner’s paper 
and anyone who sought to ensure safety by such dodges 
would achieve for himself only a false sense of security. 


Mr. Hafner: Mr. Fitzwilliams mentioned a gearbox, 
which continued to operate some six hours after an oil 
pump failure. Assuming the gear was in good working 
order after such experience, this was of course another 
example of a “fail safe’ mechanism, namely one with (a) 
pressure lubrication up to point A of the fault development 
curve (b) splash-lubrication after point A. 

He disagreed decidedly with the suggestion that bearing 
failures would safely be detected by the rise of the circulat- 
ing oil temperature. When this occurred the local damage 
had usually already reached danger point. 

Faults did arise exactly the way Mr. Fitzwilliams 
described i.e. accidental damage, scratches, etc. They might 
lie dormant for a while and then suddenly rise to failure 
level. It was not ridiculous to guard against such failures 
as much as possible by redundancy, even though there 
would always be some components that could not be 
duplicated. This indeed was the accepted safety philo- 
sophy in airframe design 

In Fig. 4 the point on the curve, where the hazard was 
zero, was just out of this world. No man and no amount 
of money could reduce a hazard to nought. 

Nowhere in the paper had he said or implied that it was 
impossible to reduce stresses in unduplicated parts to a safe 
level. However, this did not mean that such parts were 
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safe. Material faults, manufacturing errors, accidental 
damage and the like in a large and complex assembly like 
a helicopter caused a failure rate which he believed was 
above the level that would be acceptable in future. Hence 
his proposals. Mr. Fitzwilliams, however, “did not like” 
his fault detection devices nor his method of duplication of 
components. De gustibus non disputandum. 


R. E. Mills (A. V. Roe and Co. Ltd., Associate Fellow): 
A perfectly designed and perfectly manufactured article 
was perfectly safe—that was fundamental. He was certain 
that initial testing and development were possibly more 
important than some of the devices that had been sug- 
gested. Only recently they had, in his opinion, a most 
disgraceful state of affairs. Somebody suddenly discovered 
that U.N.F. threads were not as good as B.S.F. threads. 
When looking back into the work that had been done on 
this he was fairly convinced that that was so. If that could 
happen on a fundamental thing like threads, what about 
a complicated mechanism such as a gear box? 

As far as details were concerned Mr. Hafner mentioned 
“the policeman.” That was the man who, he thought, 
should be employed much more, he certainly was in engine 
design, he certainly was coming in to a large extent in 
helicopter design, but in fixed-wing aircraft “the police- 
man” certainly did not exist. Detailed design and detailed 
manufacture were, in his opinion, very poor. 

He strongly agreed with the use of dry bearings. He 
had even gone to the extent of carrying out tests by putting 
sand into dry bearings and they still worked. Molybdenum 
Disulphide was far from sufficiently developed both as a 
material and its use for design, to be able to use it at this 
Stage satisfactorily in design. 


Mr. Hafner: Mr. Mills said that “a perfectly designed 
and perfectly manufactured article is perfectly safe.” He 
must add to this “provided it is perfectly maintained and 
used perfectly correctly at all times.” What a combination 
and what a chance for safety! While he admitted that it 
ought to be possible to achieve a perfect design, as this 
was being done only once and a good deal of money and 
time was given to it, at least with aircraft, not every unit 
in a large production would be perfectly manufactured or 
perfectly maintained throughout its working life. And 
because of this failures were bound to occur. This was the 
very premise to his argument for “fail safe’’ mechanisms. 


J. L. Edwards (de Havilland Engine Co. Ltd., Fellow): 
Listening to Mr. Hafner’s lecture he had been trying to 
apply his philosophy to the design of engines. In the main, 
an aero-engine was designed for a specified fatigue life but 
many factors in engine operation were imperfectly under- 
stood and a long life between overhauls was only obtained 
after much effort and painstaking development. That was 
the only way in which a reliable power unit could be 
evolved and it made the determination of Mr. Hafner’s 
hazard and safety regions a difficult proposition. 

While the evolution of a reliable engine was proceeding 
so did the aircraft designer's requirements as regards power. 
specific consumption and weight become more demanding. 
This was a natural and logical process, but it conflicted 
with Mr. Hafner’s philosophy of duplication. How did Mr. 
Hafner reconcile these conflicting requirements? 

He felt that the crux of the matter, both as regards 
engines and airframes, lay in the ever-pressing requirement 
of doing something better and something new. A well 
established aeroplane with years and years of painstaking 
development behind it was a reliable piece of machinery 
even though it had not been designed to a “fail safe” 
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philosophy. Was not the need for “fail safe’ techniques, 
with their resultant complexities and difficulties, the con- 
sequence of an ever pressing demand for something which 
was better than the competition? There was thus never 
time to develop to an even higher standard of reliability 
the excellent aeroplanes which they were already flying. 


Mr. Hafner: His “fail safe” proposals represented a 
projection into mechanical engineering of a well established 
fail safe philosophy for aircraft structures. It applied 
primarily to parts which, if they failed, caused catastrophic 
consequences to the whole aircraft. As to the propulsion 
system of the aircraft there were two distinct problems: 

(a) power failure and (4) structural failure endangering 
other parts of the aircraft. The hazard of power failure 
could be reduced effectively by multiplication of indepen- 
dent power units. The hazard of structural failure could 
not be reduced by this method. Quite the contrary—the 
more power units the greater this hazard. High speed 
turbines particularly were critical in this respect. 

It was true that performance and safety were two con- 
flicting requirements difficult to reconcile. Was it possible 
to design turbine wheels as redundant structures such that 
fatigue cracks were stopped before reaching critical dimen- 
sions? Also could one fit “hot bearing” detectors to the 
turbine main bearings, which gave warning on a rise of 
bearing temperature and cut the fuel supply? Also, radio- 
active tracer technique, when developed, might be of 
assistance to engine designers. 


F. M. Owner (Fellow): Mr. Hafner’s enunciation of 
the principles by which safety might be improved deserved 
most careful study. 

The various interpretations of those principles were per- 
haps more open to argument, as for example; 

(1) Section 8. Floating Bush. The location of one 
bearing within another might be effective on control bear- 
ings but at any appreciable speed of rotation separated 
lubrication systems would be needed if failure of one 
bearing were not to cause rapid failure of the other. 

(2) Wide Gear Teeth. While misalignment might 
produce a fatigue failure of the type shown, it did not 
follow that a partial failure would occur when the tooth 
contact was uniform. 

(3) “Fail Safe’’ Components. There were some com- 
ponents which could not “ fail safe,” and iust must NOT 
fail. Examples were rotor blades and turbine discs. 

The warning on cumulative hazards might with 
advantage refer to “ consequential ” hazards. 

It was to be hoped that the importance of Mr. Hafner’s 
contribution to safety in aircraft (and elsewhere!) would 
be widely realised. 


Mr. Hafner: His answers to these points were: 

(1) The floating bush, apart from its use in controls and 
other slow moving mechanisms, was also useful in trans- 
missions where duplicated lubrication systems were 
provided. It would take care of bearing failures caused by 
disiodgement of small portions in the bearing caused by 
faulty material, etc. 

(2) The fatigue failure shown in Fig. 14 was typical. It 
originated from a fault nucleus which lay in the centre of 
the ring shaped pattern. Such nucleus was caused by mis- 
alignment, faulty material, grinding cracks, etc. He 
believed that in wide gear teeth a primary fatigue failure 
all along the tooth was most unlikely. 

(3) There were, of course, always components in 
mechanisms, as well as in airframes, that could not be 
made to “fail safe.” These simply must not fail. 
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Fretting in the Light of Aircraft Experience 


P. B. WALKER, C.B.E., M.A., Ph.D., F.R.Ae.S. 


(Head of Structures Department, Royal Aircraft Establishment) 


SUMMARY: Fretting is examined in its engineering aspects and then considered on a more 
theoretical basis. The mechanism of fatigue initiation by fretting is discussed, and also some of 
the methods proposed for the prevention of fretting. Some attention is also given to the fatigue 


life of joints when fretting does not occur 


difficulties that have been encountered in 


understanding fretting and assessing its consequences are thought to have a rather special 


significance. 
tentatively on a rational basis, but more 
uncertainties 


Introduction 
For a number of years aircraft structural fatigue has 
been a subject for specialised study. It is remarkable 
how much has been accomplished using only a few 
empirical concepts regarding the basic fatigue process. 
The reason for this lies in the fact that the fatigue life of 
a structure depends as much upon the complex stress 
pattern within it as upon the physics of the material from 
which it is made. Nevertheless, there has always been 
available a wealth of knowledge of fatigue obtained from 
work done in metallurgical laboratories on simple 
specimens without major structural complications 

It is against this background that the phenomenon 
known as fretting has to be examined, and it does not fit 
into the general picture at all well. There has virtually 
been no fundamental research experience upon which 
the engineer could rely. Fretting is essentially a struc- 
tural phenomenon occurring only in structures of some 
complexity and consisting of separate pieces joined 
together by mechanical means. Its proper reproduction 
for purposes of experiment inevitably requires a real 
structure in all its diversity. Lately, some attention has 
been directed at a more fundamental research approach, 
but such work has followed upon practical experience 
and is still in its early stages. 

In this paper an attempt is made to form a complete 
picture of the fretting phenomenon. Information is 
drawn from various sources available to the author and 
much help has been received from discussions with 
specialists. From a strictly scientific standpoint, how- 
ever, there are still many gaps in our knowledge, and an 
attempt is here made to fill the gaps on the basis of 
probability. The final result therefore is in some measure 
hypothetical and, although the explanations given appear 
to fit the facts as known. the conclusions may well be 
modified as time goes by. 

The picture presented in this way is intended to serve 
two purposes. The first is to help the structural 
engineer in making his practical decisions. While 
research goes on, structures liable to fretting have to be 
designed and made, often on an intuitive basis. A 
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It is considered that there is now sufficient knowledge to put the whole subject 
research is required to remove some of the 
that still remain 


systematic review of the available information, com- 
bined with a tentative explanation of what happens, 
should therefore be helpful. The second purpose is to 
clear the way for further research, of which there is 
clearly a great need. It is thought that even a tentative 
theory will be helpful in planning research, although in 
this respect the main emphasis rests on the gaps that 
have yet to be filled with precise knowledge.* 

The main significance of fretting to the engineer is 
its association with fatigue, and the fatigue implications 
are the main consideration in this paper. The link 
between fretting and fatigue is a double one. Not only 
does fretting cause fatigue, but it is itself produced by 
the same conditions of fluctuating load that can produce 
fatigue directly. Thus, paradoxically, fretting incites 
fatigue under conditions where fatigue is likely to occur 
anyway. One of the main themes of this paper ts 
that this complex interconnection between the two 
phenomena is responsible for a major difficulty in com- 
prehending the combined fretting and fatigue process 
when information is drawn only from _ practical 
experience. 

In the treatment that now follows, attention is 
focused mainly on bolted joints in aircraft. These are 
particularly susceptible to fretting, and there is virtually 
unlimited practical data available from the hundreds of 
fatigue tests that have been made as a routine procedure 
in development of new aircraft. Fretting can also occur 
at other places in an aircraft structure, in fact anywhere 
where two pieces of material are connected together by 
bolts, pins or rivets. Other engineering structures are 
also vulnerable in some degree, and aircraft experience 
might well have uses in the wider field. It needs to be 
remembered, however, that the factual evidence on 
which the treatment is based relates to structures 
designed in accordance with aircraft practice and made 
in material that is basically aluminium alloy, apart from 
certain bolts and fittings that may be of steel. 


*Iin view of the rather liberal interpretation placed upon such 
published work as is available, and the extent to which use is 
made of unrecorded knowledge obtained from discussion or 
direct experience, no specific references are made to published 
work. 
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2. The Broad Definition 


So far as external appearance goes there is little room 
for disagreement on what constitutes fretting. Cases 
are usually easily identified. In the widest sense, fretting 
is a rubbing together of two surfaces within a structure 
The sliding movement is reciprocating as the structure 
strains and relaxes under fluctuating external loads. The 
range of relative movement is thus limited to a degree 
permitted by structural deformation, although this 
deformation may arise from a reasonable degree of 
looseness or backlash in structural connections, as well 
as from elasticity or plasticity of structural material. The 
rubbing or sliding actions occurring in true mechanisms. 
however, are usually excluded. 

There is one minor complication in defining fretting 
that needs to be mentioned to prevent possible misunder- 
standing. Fretting in the widest sense can take various 
subsidiary forms and may be little more than a mild 
polishing action between two surfaces. It may also be 
secondary to a disruptive process started in some other 
way. The rubbing together of two sides of a fatigue 
crack, or of two faces of a complete fracture, are often 
referred to as fretting. 

These subsidiary and secondary forms of fretting are 
not under consideration here, although they can have 
great significance in the retrospective investigation of a 
structural failure. Concern is with what may be referred 
to as “primary fretting.” In this the process is charac- 
terised by direct disruption of the contacting surfaces, 
involving removal or destruction of surface material. It 
is mainly of interest as the instigator of other troubles, 
of which fatigue is the most important. 

Primary fretting, hereafter referred to simply as 
“fretting,” can take two distinctive forms in a bolted 
joint. Tension loading is transmitted from one main 
member to another by bolts that are loaded in shear. 
In the hole through which a bolt passes the essential 
loading effect is compression on one side of it. There 
is, however, also a sliding action as the loading system 
fluctuates, and this gives rise to the first form of fretting. 

The second form is more straightforward and 
probably more representative of fretting in other places 
in a structure. The bolts are usually tightened so that 
some of the main tension load is transmitted by friction 
at the parallel faces of booms, fish-plates, fork-ends and 
the like. Again there is a sliding action under fluctuat- 
ing loading, giving rise to the second form of fretting. 

Much the same kind of disruptive effect occurs in 
the two cases, and both forms may exist simultaneously. 
Surface damage is usually local, and is to be observed 
as small pits which penetrate well into the material. 


3. The Basic Mechanism 


Alihough actual examples are readily recognised, 
fretting shows all the signs of being fundamentally a 
most complex phenomenon. For many years there 
were doubts as to its basic character. In what follows 
an attempt is made to put fretting on a rational basis, 
but it has to be borne in mind that there are still 
elements of uncertainty, and any comprehensive treat- 
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ment must contain a fair measure of hypothetical 
reasoning. 

It now seems to be generally accepted that fretting 
is essentially a process of local welding or direct 
adhesion of contacting surfaces, followed by a tearing 
apart of the temporary connection so formed. The dual 
process of welding and tearing may be repeated many 
times, leading to the disruption of the surfaces that is 
characteristic of fretting. 

In principle, both adhesion and surface disruption 
could initiate a fatigue crack. Adhesion gives rise to 
high local stress through the heavy load that is trans- 
mitted through the direct though temporary connection 
Surface disruption can also produce high local stress as 
a simple notch or geometric stress concentration. 

Present evidence favours adhesion as being the prime 
instigator of fatigue. It can be made to account for a 
higher surface stress than can surface disruption; and it 
comes into operation earlier, when early initiation 
appears necessary to explain certain known character- 
istics of fretting-induced fatigue. The adhesion hypo- 
thesis is to be discussed more fully after consideration 
has been given to various items of information on 
fretting that are available from practical experience and 
from special experiments. 

There are also other grounds to suppose that the 
surface disruption is not in itself likely to incite a fatigue 
failure. If it were likely to do so then some direct 
correlation would be expected between the severity of 
surface damage and the occurrence of fatigue. In actual 
fact, the reverse obtains in practical experience. There 
are cases on record where extremely severe damage has 
not produced any signs of fatigue at all. In such cases 
adhesion must also have occurred, but surface disruption 
is thought to act beneficially by removing material 
containing incipient fatigue damage. 


4. Incidental Effects 


In addition to the basic process of welding and 
tearing there are various other effects. One of these is 
the element of sliding friction. This may well prepare 
the surface by polishing before adhesion takes place, but 
it does not appear otherwise to affect the process of 
surface disruption appreciably. It is important, how- 
ever, to distinguish the sliding action from that occurring 
in sliding mechanisms. The very limited motion that is 
permitted by structural deformation has special signifi- 
cance since parts of the contacting surfaces are 
continually passing over each other in the to-and-fro 
motion associated with fatigue loading actions. 

There is also chemical action present in fretting as a 
general rule. It is possible that chemically-corrosive 
effects help to initiate fretting, but there does not appear 
to be any solid evidence that this is so. There is little 
doubt, however, that chemical action accelerates surface 
disruption, and the combination of mechanical and 
chemical actions is more powerful than mechanical 
action alone. 

Some of the products of chemical disruption may 
have an abrasive action. The aluminium oxide produced 
in aluminium-alloy structures falls into this category. 


nad 
Sad 
8 
afi 
i 


P. B. WALKER 


There is no evidence, however, that the presence of an 
abrasive as a by-product can make the situation any 
worse than it is without it. Oxidation may affect the 
appearance of a fretting area, and blackening of the 
surface is often noticeable. 

The damage to the surface may also lead subse- 
quently to severe corrosion through removal of 
protective coatings. Such corrosion is additional to any 
corrosive action that is part of the fretting process itself. 
Evidence of general corrosion incited by fretting is 
difficult to obtain for a number of reasons. It is not 
produced in the normal structural fatigue tests of aircraft 
joints to any significant degree owing to their relatively 
short duration. Examples on operational aircraft, on 
the other hand, are naturally rare owing to the rigour 
with which the allowable working life is controlled. In 
any event, severe chemical corrosion at a joint, when it 
does occur, tends to obscure all signs of the initiating 
surface damage. There appear to be strong grounds to 
suppose, however, that the corrosion hazard through 
fretting can be serious if the operational environment is 
corrosive. 


5. Preventative Measures 

A number of methods of preventing fretting have 
been investigated. Information comes from several 
sources, but special mention should be made of 
the Mechanical Engineering Research Laboratories 
(M.E.R.L.), of East Kilbride, where the subject has been 
investigated systematically and comprehensively. So far 
as can be judged, a completely reliable preventative has 
not yet been found for long-term use on operational 
aircraft, although there has been a considerable measure 
of success in laboratory work that shows promise 
ultimately for the practical engineering field. In any 
event, the attempts to prevent fretting have produced 
some of the most valuable information on the basic 
phenomenon. 

It is convenient to consider, in the first instance, only 
the parallel surfaces on the aircraft bolted joint as 
already described. The first anti-fretting measure is 
lubrication of the contact surfaces. For this purpose 
grease is probably best and in laboratory tests has had a 
considerable measure of success. There is doubt, how- 
ever, of the permanence of the protection given. The 
grease is liable to be squeezed out and once an area 
becomes dry fretting may immediately develop. Most 
lubricants decompose in time, moreover, and may not 
only lose their lubricating properties but may become 
at least mildly corrosive. 

Lubrication of fish-plates is open to a further 
objection. The frictional forces produced by clamping 
of an unlubricated joint relieve the bolts of much of their 
shear load. In point of fact, it is on this account that 
the fatigue life of a properly clamped joint is appreciably 
greater than that of a similar joint in which the bolts are 
not tightened. The anti-fretting effect of grease may 
thus be partly offset from the fatigue standpoint, or even 
over-ridden, by the reduction of load carried by friction. 

Another method of fretting prevention is the 
insertion of a thin wafer of non-metallic material 
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between the contacting surfaces.* Terylene and a variety 
of plastic materials have been used in this way. While 
the wafer remains intact the surfaces are kept apart and 
adhesion cannot take place. Here again the difficulties 
are those of practical engineering, and the main con- 
sideration is how long the separating material will last 
under operating conditions. 

The use of grease and the insertion of non-metallic 
wafers are each somewhat extreme examples of a generai 
principle. It would appear that most anti-fretting 
measures combine in differing degrees the functions of 
lubrication and separation. It is, in fact, difficult to 
mark a clear distinction between the two. Some 
materials exercise the dual function as it were accidently. 
Cadmium plating is an example. This has a restraining 
effect on fretting but, unfortunately, it is not a certain 
preventative. Of the deliberately-introduced anti-fretting 
measures, molybdenum-disulphide has recently come to 
the forefront. It is essentially a solid lubricant and, 
while it is usually suspended in a grease for convenience, 
it is likely to remain effective much longer than a 
grease alone. 

Some interesting, not to say curious, results have 
been obtained by insertion of an abrasive between the 
contacting surfaces. It appears that fretting can actually 
be prevented in this way, an effect that can be attributed 
mainly to the prevention of adhesion. The method can 
hardly be regarded as practicable in engineering, how- 
ever, since not only does it remove essential structural 
material but it also removes the protective coatings 
necessary to prevent corrosion. The main significance 
of work in this field is its indication that adhesion and 
not friction is the essential element in fretting. 

Fretting of a bolt in its hole conforms closely to the 
same principles as those operating for parallel surfaces 
in frictional contact, though only part of the contact area 
is subjected to a sliding action. The same methods of 
lubrication and separation can be applied as anti-fretting 
measures, although for reasons of geometry the practical 
difficulties are greater. The space required for the 
inserted material may also cause trouble, through 
damage and attrition leading to general looseness of fit. 
Such looseness is not only bad from a purely structural 
standpoint but may actually encourage fretting. Where 
no special anti-fretting measures are used, tight-fitting 
bolts are less vulnerable to fretting than slack ones, 
though fretting is still possible 


6. Realism in Fatigue Testing 

So far as aircraft are concerned most of the direct 
evidence on fretting is produced in fatigue tests. The 
principal joints for most new aircraft types are 
fatigue-tested, usually with several nominally identical 


*Metallic insertions are not necessarily ruled out, but the 
author is without evidence on this point 

tilt may be remembered that friction has also been defined as 
a welding and tearing process. This should not lead to mis- 
understanding. Relatively large particles are involved in 
fretting whereas the frictional phenomenon takes place more or 
less on a molecular scale 
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specimens. In general the tests are remarkably realistic, 
but there is one major exception in the artificial contrac- 
tion of the overall time-scale. It is for consideration, 
therefore, whether the test conditions are truly 
representative of operational conditions extending over 
a long period of time. 

It is necessary to consider first only joints that have 
been made and assembled without any of the special 
anti-fretting measures, a proviso that applies to most of 
the joints that have been tested in the past. It is not 
possible to be certain whether the incidence of fretting 
is representative of operational conditions. The limited 
number of cases of fretting on actual aircraft, however, 
indicate a strong probability that the tests are to a 
sensible degree realistic as regards both fretting and 
fatigue. 

There is one aspect of fretting that has received 
special attention. This is the local rise in temperature 
at a joint, which owing to speed of testing could be 
greater than occurs in reality and might unduly influence 
the fretting and fatigue processes. Nowadays, however. 
special care is taken to avoid more than a slight rise in 
temperature and a limit is placed on testing speeds. 

There is some practical evidence that suggests that 
fatigue tests are reasonably representative of reality from 
the standpoint of temperature and other possible time- 
linked factors. There are virtually two ranges of speed 
at which joints are tested for fretting and fatigue. One 
corresponds to that of a separate joint placed in a 
relatively high speed testing machine, and the other to a 
joint tested as part of a complete aircraft, for which the 
rate of loading is inevitably slow. No difference in the 
general character of the fretting produced or in the 
incidence of fatigue has been noted that can be attributed 
to difference in loading rate. 

This evidence, unfortunately, has to be taken with 
some reserve. Incorporation of a joint into a complete 
aircraft structure introduces other differences besides 
those in rate of loading. Furthermore, evidence that it 
is immaterial whether a test takes days or weeks is not 
necessarily evidence that something different would not 
occur in a test lasting for years, as applies to an 
operational aircraft. Practical engineers, however, have 
often to be satisfied with rough-and-ready asssessments 
of this kind. Everything reasonable has to be done to 
anticipate trouble through misrepresentation of physical 
conditions in testing. Thereafter realism has to be 
accepted as a working hypothesis unless and until the 
contrary is proved. In any event, consideration of 
fretting must relate to actual experience and most of this 
comes from routine fatigue tests. 

The introduction of special anti-fretting measures 
could radically change the relationship between testing 
and operational reality. The durability and permanence 
of anti-fretting material comes into question, and overall 
time may wel! become significant. It does not necessarily 
follow that the difficulties of representation cannot be 
overcome, but further investigation may be necessary 
before the results of conventional fatigue tests can be 
accepted as a basis for life estimation of actual aircraft 
in operational use. 
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7. The Effect of Fretting on Fatigue Life 


While effort is being expended in the study of fretting 
there remains one issue that must be resolved with the 
greatest degree of certainty. This is the extent to which 
fretting reduces the fatigue life of a joint. It is proposed, 
in the first instance, to determine the relation between 
fatigue and fretting on the basis of factual evidence 
obtained in routine fatigue tests on aircraft joints. The 
information available for statistical treatment is in 
generous supply since there are hundreds of examples of 
fatigue failures for consideration. Unfortunately, the 
picture presented is, at first sight, not nearly so clear as 
might be expected. 

Fatigue failures have occurred in joints without 
fretting being present at all, and within the required life 
of an aircraft. The life without fretting. moreover, has 
in some cases been less, for nominally identical 
structures, than in other cases where fatigue appears to 
have been incited by fretting. There have also been 
cases where different cracks have proceeded across a 
section simultaneously, some with fretting and, some 
without. and not always has the fretting-induced crack 
been the first to reach its catastrophic length. 

Despite this apparent conflict in evidence, which has 
been disturbing at times to most engineers. the situation 
can be expressed fairly clearly. Fretting in general 
appears to reduce the fatigue lives of joints appreciably. 
but this does not prevent an occasional fatigue failure 
that is not associated with fretting at all. In other words. 
the lives appropriate to fretting-induced cracks and 
those appropriate to “natural” cracks have each their 
own Statistical pattern, and these patterns overlap. The 
picture tends to be confusing, until analysed in detail. 
owing to two complications. One is that a fatigue 
failure on a particular specimen occurs only once, an 
effect that is familiar in its consequences to all fatigue 
specialists. The other is that fretting can operate as a 
reducer of fatigue life in two distinct ways, and these 
have to be considered. 

In the first place, fretting increases the number of 
potential fatigue origins. To cracks initiated by ordinary 
stress concentrations are added those incited by fretting. 
Even if the two types of crack were on the average 
equally significant, therefore, the mere increase in 
numbers and possibilities would reduce the probable life 
of a single joint and reduce the average actual life of a 
series of nominally identical joints. It is generally 
supposed, however, and the test evidence appears to 
demand it, that there is a more positive action at work. 
The fretting crack on the average appears to be more 
dangerous than the natural crack in the sense that it 
reaches a catastrophic length more quickly. This is the 
more significant of the two effects, since it reduces not 
merely the average life but also the minimum. 

The practical significance of fretting as a reducer of 
fatigue life, however, must depend upon the life that 
would occur if all fretting action could be suspended. 
Design and manufacture apart from fretting thus enter 
the field. It is conceivable that a joint could be so badly 
made that fretting could not make it any worse. This is 
unlikely to happen, and the reference to the “occasional” 
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natural crack implies the normal standards of good 
design and manufacture. There is evidence, moreover, 
that fretting is becoming increasingly important in its 
fatigue effects as the years go by. This can be explained 
by the increasing skill in reducing stress concentrations, 
and all the other steps that are being taken to extend 
fatigue life apart from fretting control. How far this 
process will go is uncertain, but the limit seems to be in 
sight, and it may not be practicable even to raise the 
natural fatigue life to a level outside the present fretting 
range. In any event, most specialists hold the view that 
the entire elimination of fretting would still leave the 
designer of joints with a major fatigue problem on 
his hands. 


8. The Theoretical Approach to Fretting 
Fatigue 

The foregoing assessment of the significance of 
fretting is deliberately confined to statistical treatment of 
factual evidence. It is clearly desirable, however, to 
consider the subject also in relation to theoretical con- 
cepts. The main issue is the greater destructive 
potential of fretting fatigue as compared with natural 
fatigue. The explanation that follows makes use of the 
adhesion hypothesis, and is essentially no more than a 
tentative theory. It appears, however, to be consistent 
with the known facts and takes into account recent 
experimental research in fretting and fatigue. 

In what is here termed “natural fatigue”, the fatigue 
cracks are normally initiated at stress concentrations, or 
regions of high local stress. Ordinarily these occur at 
surface indentations, sharp corners and structural dis- 
continuities. High local stress is also produced on the 
nside surface of a bolt hole through disturbance of the 
main stress field and concentration of load applied by 
pressure from the bolt. Very high local stresses can 
often be predicted according to conventional elastic 
theory, but it is known beyond any doubt that in practice 
there is an upper limit to the intensity of the peak of 
local stress that actually occurs. Plastic yielding is 
believed to be the main source of relief, though there 
may be other causes. 

With adhesion, as occurring in fretting, the intensity 
of stress in the fatigue-sensitive surface region is likely 
to be much more severe. A very heavy load that is 
intended to be carried by a relatively large piece of 
structure is transmitted through a small and relatively 
rigid connection. There is, moreover, no significant 
mechanism for relief until the connection fails. The 
damage may then be done, and in any event there is the 
prospect of further adhesions in the welding and 
tearing cycles. 

There is also a further complication of considerable 
significance. The fretting region may coincide with a 
natural stress concentration. The adverse effects of both 
are then superimposed, although the ensuing crack is 
normally attributed to fretting. Practical experience 
shows. moreover, that this coincidence of fretting and 
natural stress concentration is not at all unusual. 

It is now generally accepted that ordinary fatigue 
cracks in a structure are initiated very early and are 
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likely to be definitely established in the first twentieth of 
the total fatigue life. Thereafter they extend very 
slowly for a considerable time except when, as some- 
times happens, they cease to extend at all. There are 
now good grounds to suppose that variation in fatigue 
life of identical structures is attributable mainly to 
variations during the critical period when the crack is 
short and is extending very slowly. A little distance 
away from the origin the initiating cause loses its effect. 
The crack then extends under the influence of its own 
stress concentration in the general stress field, and there 
is only limited scope for variation. To this is added the 
fact that variation in extension rate becomes less 
significant in terms of overall time as the basic rate 
increases. 

Adhesion, as produced in fretting, fits well into this 
general picture. It would appear to operate as a reducer 
of fatigue life by speeding the crack on its way during 
the critical early period. It may also be the deciding 
factor in determining whether a crack shall extend 
or not. 

There may, of course, be some delay in the 
development of adhesion, though this is believed to be 
short under ordinary fretting conditions. In this con- 
nection mention should be made of recent work by 
M.E.R.L. in which fretting is produced artificially under 
controlled conditions. The M.E.R.L. results show that 
fretting has done all the fatigue damage it can do when 
about one fifth of the fatigue life has expired. At this 
Stage fretting has clearly not only developed its full 
destructive power but has established a fatigue crack 
that will continue to run of its own accord. 


9. Surface Interaction Without Fretting 


In the light of all the evidence it would thus appear 
that the combined fretting and fatigue process in a joint 
is not unduly difficult to explain, although there may be 
points of detail which still remain to be settled. It is in 
some ways remarkable, therefore, to find that there is 
still room for doubt as to what actually happens when 
fatigue occurs at a joint without there being any sign 
of fretting. 

The fundamental theory of fatigue initiation, 
involving the principle of transcrystalline dislocations, 
has been the subject of intensive research and may be 
said to have reached an advanced stage. From the 
practical engineering standpoint, however, there are 
limitations. Most of the basic work has been concerned 
with fatigue initiation at a free surface. In a complex 
structural joint of a kind that could cause fretting the 
relevant surfaces are in contact with other surfaces, and 
such contact may have fatigue effects even when fretting 
does not occur. 

The possibilities of surface interference apart from 
fretting are numerous, but it is proposed to confine 
attention to one aspect that seems likely to be the most 
important. This is the transfer of frictional force from 
one surface to another. Such transfer may take place as 
sliding friction or limiting friction, and owing to surface 
irregularities there are likely to be concentrations in 
local regions. Broadly speaking, the effect is the same 
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in kind as that of adhesion, though in all likelihood 
appreciably less severe. It may operate, however, in 
conjunction with normal stress concentrations and have 
an important aggravating influence on fatigue initiation. 

If frictional forces are significant in the way 
suggested they greatly complicate the fatigue situation 
for joints, since they introduce an entirely new factor. 
It becomes necessary to clarify what is meant by elimina- 
tion of fretting. More can be involved than the mere 
removal of the fretting cases from the statistical 
picture obtained from routine fatigue tests. Anti-fretting 
measures might also reduce the other adverse inter- 
ference effects between surfaces. Since all feasible 
anti-fretting measures involve an effective measure of 
lubrication, relief of frictional forces is clearly inevitable. 

In this connection it is worthwhile to bring to mind 
experiments with greased joints. The increase of fatigue 
life that can be obtained in this way is most impressive. 
and there is at least a suggestion that more is happening 
than just the prevention of fretting. It is not possible to 
Say more than this. The evidence is too scanty. From 
the theoretical standpoint, however, there is clearly much 
to be gained from further research. From the engineer- 
ing standpoint, on the other hand, the main fact to be 
noted at present is that successful anti-fretting measures 
may produce better results than would at first sight be 
expected. 
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10. Conclusion 


When the fretting situation is viewed broadly the first 
impression is that our knowledge of the fundamental 
process is inadequate and practical evidence although 
extensive is superficially conflicting. Further considera- 
tion, however, seems to indicate that more information 
is available than is generally realised, and that it is 
possible for a fairly clear picture to be produced. At 
least this is attempted in this paper. 

The extent to which hypothetical reasoning has to be 
used to form this picture, however, is not entirely 
satisfactory. More research into fretting, such as that 
now being done at M.E.R.L. and elsewhere, is clearly 
necessary to put the whole subject on a solid foundation 

Preventative measures seem to have special signifi- 
cance. Not only may they lead to longer fatigue lives 
for structural joints, but the work involved is likely to 
lead to a better understanding of fretting and of the way 
in which it incites fatigue. 

Finally, it is suggested that more research is required 
into the basic process of fatigue disruption at structural 
joints. The possibility of interference between contac- 
ting surfaces apart from fretting should not be dismissed 
Such work might give a useful indication of what will 
happen to the fatigue lives of joints if fretting can be 
eliminated. 
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Introduction 

The title of this lecture is “The Operation of Naval 
Aircraft and Aircraft Carriers”, but its sub-title should 
be “New Aircraft into Old Carriers”, because | am 
going to talk about just one phase of the Aircraft and 
Carrier problem: that of converting our wartime 
designed Carriers so that they can operate our new 
Aircraft coming into service, particularly the Scimitar, 
Sea Vixen and N.A.39. 

The problem can be gauged by the following 
figures : 

New 
Aircraft 
say 40,000 Ib. 

140 Kts. 

say, Mach 
number 

say 50,000 


Wartime 
Firefly 
12,000 Ib. 
90 Kts. 
0-5 Mach 
number 
2,000 


All-up weight 
Take-off and landing 
Speed 


Approximate 

maximum h.p. 
Electronics Small Vast 
The Admiralty 
THE ADMIRALTY ORGANISATION 

This is divided into four main groups: 

(a) The Naval Staff, dealing with operations and 
plans, including the planning of new weapons, 
under the First Sea Lord. 
The Personnel Divisions, 
Sea Lord. 

The Material Departments, under the Con- 
troller, the Third Sea Lord. 

The Supply Departments, under the Fourth 
Sea Lord. 

The Controller is supported by four Directors- 
General, as follows: Director-General Ships; Director- 
General Weapons; Director-General Dockyards and 
Maintenance; all these deal only with SHIPS. Director- 
General Aircraft, the fourth, covers the entire field of 
the other three for aircraft and airborne weapons. 

The Air Staff Divisions (Director Air Warfare and 
Director Air Organisation and Training), define the 
requirements of the Fleet, consulting the Ministry of 
Supply and the Director-General Aircraft as to what is 
possible. D.G.A. and D.A.W. are then responsible for 
the development of naval air material, in conjunction 
with the Ministry of Supply. 

The Director-General Ships designs the carriers and 


(b) under the Second 
(c) 


(d) 


A lecture given to the Glasgow Branch of the Society on 
10th November 1958. 


arranges all the air requirements in them to meet the 
needs of D.G.A. 


DIRECTOR-GENERAL AIRCRAFT 

The field covered under this heading is as follows: — 

(a) The reliability and maintainability, and the 
material acceptability, of all air material under 
development including aircraft and their equip- 
ment, radar, all weapons, and so on. 
Airborne Radio development. 

Airborne Weapon development. 

(d) The air requirements of carriers and bases. 

(e) Air maintenance and repair. 

(f) Air complements and training. 

(g) Air logistics, provisioning, progressing. 

(h) Air planning and finance. 

Throughout this work, D.G.A.’s interests are mainly 
with “design for maintenance”, “support”, and the 
“user” aspects, rather than on “design for performance,” 
which is handled by D.A.W. for aircraft. 


(b) 
(c) 


Assumptions for this Paper 


I shall discuss only the present and immediate 
future generations of aircraft, and not the more 
advanced vertical, or short, take-off and landing types. 

This assumes that all aircraft (other than helicopters) 
will require catapults and arresting gear. 

This in turn necessitates heavy catapulting and 
arrester loads and fittings, folding wings, and so on. 


The Staff Requirements for Aircraft 

With only a small number of operational carriers, 
each one has to fulfil a wide range of operational roles, 
including strike, fighter, ground support, anti-submarine 
and radar warning and air-sea rescue. 

The Staff plan their requirements for each new 
aircraft type to meet foreseen enemy threats and 


probable operational needs, such as Commando 
landings. They also plan to make use of the latest 
developments in the Aircraft Industry. 

Their “target requirements” particularly specify 
speed, altitude and range, with a statement of the 
weapon system requirements, equipment for navigation 
and communications and for any special equipment, 
such as radio countermeasures. 

The “target requirement” also states the rate of 
operation required in sorties per day, per week, or per 
month; how quickly they must be operated on the deck; 
the degree of independent operation away from main 
base, and so on. 
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The Weapon System 

This term is used here to describe the fighting 
equipment of the aircraft although this, of course, is not 
really separable from the aircraft itself, the whole being 
one integrated unit. 

In this limited sense it includes the range of weapons 
themselves, such as bombs, rockets, guided weapons 
and torpedoes (and I almost forgot, guns!); the 
detection of targets by search or other radar; fire control, 
which covers ranging, attack sights and computation 
and automatic release; also arrangements for the air- 
craft to make its interception under control from a 
surface ship’s radar. The whole trend is to eliminate 
pilot control in the final stage of attack, while retaining 
his overall discretionary judgment. 


The Aircraft Problems 
Carrier-borne aircraft have a number of special 
requirements, among them being : — 
(a) The limitation on take-off and landing speeds, 
imposed by the carrier’s flight deck. 
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Figure 1. H.M.S. Ark Royal with 
Hawker Sea Hawks and D.H. Sea 
Venoms in her deck park. 


Official Photograph 


The ability to withstand 

locally applied shock loads 
of, say, 4 to 6¢ when 
catapulting; this increases 
the all-up weight by up to 
10 per cent. 

(c) To withstand landing on a 
pitching or rolling deck, 
with vertical descent of 
20 ft./sec. at 120 knots, 
also 3 or 4g hook loads 
trying to pull the tail off. 

(d) Folding wings. power-operated so that they can 
be worked when taxying, and able when folded 
to withstand winds of about 50 knots from any 
direction, as well as the movement of the ship. 

(e) Tails and noses may also have to be folded, to 
suit the lifts. 

(f) Special corrosion problems must be covered. 
White water from a breaking wave may entirely 
cover an aircraft up forward, and they may have 
to be sprayed with salt water from hoses to 
prevent radiological contamination from a 
nuclear explosion: they may also be exposed 
for long periods to sulphur-laden funnel gases. 


Aircraft Communications 

U.HLF. is required, with maximum degree of security 
from the enemy, and a large number of channels are 
needed to communicate with all ships in the area. 


Navigation 
This must cope with the problems of a moving base, 
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and with the possible need for radio silence. Deck 
landing shocks make inertial navigation aids difficult. 


The Carrier Problems 

A new carrier can be designed to operate most sorts 
of aircraft: the large American carriers show how far 
it is already practicable, and if they wanted to they could 
build bigger carriers and use larger aircraft still, 
although the Panama Canal is a limitation. For the 
Royal Navy, world-wide docking facilities, and the need 
to use the Suez Canal, impose stringent restrictions 
on size. 

Here it must be remembered that the U.S. Navy has 
a strike function against ail enemy targets, maritime or 
inland. The Royal Navy, owing to geography and 
defence policy, is only concerned with maritime opera- 
tions, and remote inland targets are at present solely the 
concern of the Royal Air Force. Maritime targets 
include the enemy at sea or in harbour, their supporting 
bases, and their immediate inland lines of communica- 
tion, and so on, and also the support of allied landings 
and coastal operations. The best place to destroy 
enemy submarines is in their own bases! 

The conversion of an old carrier, however, to take 
new and more advanced aircraft is quite a different 
problem, far more difficult, far worse than putting new 
wine into old bottles. 

Roughly speaking, a carrier’s life may be 10 years 
from the first design studies until entering service, 
followed by 20 or 25 years of intensely hard driving in 
the Fleet. Upon entering service she should be fully 
able to operate existing and foreseen types of aircraft; 
ten years later, when faced by completely new genera- 
tions of aircraft, it is usually possible (although with 
great difficulty) to rebuild or do a major conversion of 
the carrier to fit the next generation. After that, it is 
probable that only minor alterations will be worthwhile, 
and the carrier cannot be expected to keep up-to-date 
with future aircraft requirements at even the present 
rate of aircraft and weapon progress. 


THE MAIN LIMITATIONS 

A number of limitations on aircraft are 

imposed by each carrier's design, such as:- 

(a) Maximum take-off 
velocity (say 140 
knots). 

(b) Maximum landing 
velocity (say 130 
knots). 

(c) The gross weight of each aircraft. 

(d) The dimensions of the main aircraft lifts. 

(e) Space that can be made available for 

maintenance, storage and personnel. 


Both depend on 


own speed. 


Ficure 2. Preparing a Vickers Supermarine Scimitar fo, 
launching in H.M.S. Victorious. On the left is another 
Scimitar with a brace of Fairey Gannets. 

Official Photograph 
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(f) The top weight and gross weight that can be 
carried, and their effect on her stability, speed 
and strength. (A Carrier increases about 100 
tons per year by natural processes of age). 


Conditions of Operating Aircraft from 
the Carrier 
FLIGHT DECK 

The modernised carriers will all have an “angled 

deck,” pointing 5 to 10° to port of the ship’s axis and 
clear of the take-off area up forward. This arrangement 
has proved invaluable in reducing accidents, both to the 
aircraft landing on, and to the aircraft parked up 
forward which may be waiting to take-off. 
' “A few years ago a massive barrier had to be 
arranged to prevent a landing aircraft flying into the 
“deck park” if there was some failure to arrest her. 
Now, with the landing deck unobstructed, no barrier is 
needed except in an emergency, such as hook failure, 
when a light nylon net can be rigged to catch an aircraft 
at the end of the angled deck, the momentum of the 
aircraft being absorbed by stretching undrawn nylon 
ropes. This does no serious damage to the aircraft. 
The angled deck allows the aircraft to be flown at 
constant power right into the wires before the engine is 
cut, which makes it easy to “go round again” if the wire 
is not engaged. 

The gyro-stabilised mirror sight also reduces the 
risk of accident on landing, although it cannot compen- 
sate for the bodily heave of the deck in bad weather. 

The flight deck itself may have to be strengthened 
to take the landing loads of heavier aircraft (say 
75,000 Ib. per wheel), and the shock of high pressure 
tyres: deck strength must be suitable for taxying air- 
craft, plus the acceleration force of the ship when 
rolling, and a far heavier emergency load may be 
necessary when a crashed aircraft has to be moved by 
crane. 

Noise and blast from new jet aircraft is so great that 
some of the structure of the island has to be 
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strengthened and protected from noise. Jet blast 
deflectors have to be provided astern of the catapults, 
and water-cooled panels in the deck may be required if 
jet aircraft have to be launched in a tail-down position, 
with high angle of incidence, particularly if after- 
burners are used. 

Special magnetic loop communications must be 
provided for flight deck personnel wearing noise-protec- 
tive helmets, as well as a plug-in inter-com., round the 
walk-ways below the edge of the flight deck, and loud- 
speaker communication as well. 

Other refinements needed under the present 
operational conditions are television-briefing in the 
carrier, followed up by telephone-briefing while the pilot 
is in the aircraft ready for launching from the catapult. 
At this moment in the tropics he may need a cold air 
supply to his pressure suit, to prevent him melting in the 
heat. 

New aircraft need more powerful mechanism for 
positioning the heavier new aircraft quickly on the 
catapult, as a high rate of launching is vital for carrier 
operations (say one every 30 seconds from each 
catapult). 

Another flight deck requirement is just acreage. 
There is a mass of mobile ground equipment and 
trolleys to be stowed out of the way of the aircraft; 
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starters, oxygen, H.P. air, generators, hydraulic sets, 
test equipment, fork-lift trucks, tractors, handlers, 
cranes, ammunition trolleys, and many others; some 70 
different patterns, totalling about a hundred tons, to get 
out of control on a rolling deck. 


CATAPULTING 

This problem is a high rate (about 30-40,000 h.p.) of 
accurately-controlled release of energy, to ensure the 
correct end-speed whatever the wind speed over the 
flight deck may be, and whatever the weight of the 
aircraft. The accuracy should be within plus or minus 
one knot of the required speed. 

This can be done by stored energy, such as steam, 
H.P. air, or hydraulics, or by the conversion of chemical 
potential energy such as cordite or paraffin. At present, 
steam seems to be the most suitable for British require- 
ments, although with much heavier aircraft it might be 
desirable to change to an internal combustion system. 
The accurate control of the latter is a difficult problem. 

The decision to use a steam catapult to take the new 
generation of aircraft does not end the problem. How 
much boiler water will be used? Will the ship's 
evaporators produce enough feed water for 100 or 200 
launches every day for a week? How much fuel? Will 
rapid use of the catapults reduce the power available to 

drive the ship? The rough answer is that about 
50 tons of distilled water and 50 tons of fuel 
may be used per day and the ship’s speed may 
be reduced by 14 knots. 

To increase the performance of steam cata- 
pults, much work has been done to develop 
better valves and control systems, and a further 
increase can be provided by installing large 
“ wet-receivers ” to store additional energy 
ready for take-off by “flash” evaporation of 
high-temperature water: this gives some 10 knots 
extra end-speed. 

A further development would be possible by 
increasing the steam pressure, either by a 
separate high pressure boiler instead of using 
the ship’s main boilers, or by using high power 
steam compressors, possibly of five or ten 
thousand horsepower each. Such extra pressure 


Figure 3. A pilot’s eye-view of the fully-amgled flight 
deck, of 9°, of H.M.S. Victorious. 
Official Photograph. 
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FicureE 4. A Vickers Supermarine Scimitar about to be 
launched from H.M.S. Victorious. 


Official Photograph 


would allow heavy aircraft to be launched, 
although it might have to be throttled down to } 
prevent excessive g loads with lighter aircraft 

The length of the catapult is obviously of 
extreme importance, allowing extra end-speeds 
without excessive acceleration, but not much extension 
is usually possible in an old carrier. Our lengths vary 
from 100 to 200 feet, and we would welcome 250 feet. 

In some cases, a shorter length can be made 
acceptable by holding the aircraft’s tail down and the 
nose wheel off the deck, giving increased incidence 
(equivalent to 5 knots greater end-speed). In this case, 
the deck and catapult covers must be stiffened to take 
the force of the aircraft tail skid (the tail skid load in a 
Scimitar may rise to 8 tons, with rubbing speed of 
150 miles per hour). 


ARRESTING 

This is the opposite problem: the rate of accurately 
controlled absorption of energy by hooking on to a wire 
which is then pulled out against hydraulic damping. 
The arrangements can be altered to suit new aircraft by 
varying the number of wires, their thickness, the length 
of pull-out (now 225 ft.), the speed of entry, and the 
structure and arrangement of the wire to vary the 
frequency of its vibration. 

The control must be able to adjust the setting for 
any type of aircraft which is coming in to land, as the 
setting must be varied to suit the speed and weight of 
each aircraft, combined with wind-speed over the deck. 

At present there are unsolved problems of vibration 
in the wires and of impact stresses at very high speeds 
of entry, and these impose a theoretical maximum of 150 
or 170 knots, until the quality of the wires can be 
improved. 


Other Arrangements Needed for New 
Aircraft 

THE LIFT 

In addition to the dimensions of the lifts, the strength 
of their platforms and the power of the lifting machinery, 
and also the balance, may need alteration. The size can 
hardly be increased, as the flight deck is a stressed deck 
and enlarging the lift area reduces the ship’s strength for 
hogging and sagging. 
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HANGAR DECK 

The strength problems here are as for the flight deck, 
except that there is no problem of crash removal. Height 
may be a limiting factor and special areas may have to 
be arranged with increased clear space for folding 
mainplanes, or for lifting engines. 


FUEL SYSTEM 

Special fuels may be required and if it means 
introducing H.T.P., or more exotic fuels, the problem is 
very great and includes special storage tanks, pumping 
machinery, safety arrangements and complicated pipe 
systems. 

The ensurance of high purity of aviation fuels is a 
great and increasing problem in carriers and, in spite 
of double and treble filtering to 5 microns and removing 
water, contamination still sometimes occurs from dirt 
or water. 

There is a continual demand for larger bulk stowage 
and since the rate of refuelling on the flight deck is 
important, new long-range large aircraft may require 
new higher-capacity pumping plant in the ship: 
already about 2,000 gallons per minute is required, with 
50 Ib. delivery pressure. 


LIFTING, TRANSPORTING AND STORAGE ARRANGEMENTS IN 
THE CARRIER 

With the increasing weight of much of the equip- 
ment, its delicacy and fabulous cost, and the vast 
quantity of such items installed in modern aircraft, 
special lifting and transporting arrangements are needed 
throughout the ship, with gantries and overhead rails 
at the deck head for lifting engines, radars, and so on. 
Also, special shock-proof trolleys, shock-proof packag- 
ing and heated storage spaces, and so on, are required. 
“Shock-proof” of course in this context means the 
ability to withstand 15g from a bomb explosion in a 
near-by compartment, or damage by mine or torpedo, 
as well as the casual shocks from rail transport and 
from “Jolly Jack.” 
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Storage for large items within easy access to the 
hangar and flight deck is difficult, and the gross bulk of 
smaller stores is a problem in its own right. 


AIRCRAFT HANDLING 

The new generation aircraft needs new tractors, 
handlers, fork lift trucks and cranes; and complete 
mechanisation is essential. As an example, the latest 
tractors weigh 5 tons, have 85 b.h.p. and draw-bar puli 
of 8-10,000 Ib., with fluid transmission. 


POWER SUPPLIES 

New equipment often means power requirements at 
new voltages and frequencies, possibly separate d.c. and 
a.c. ring mains, and then, when all these are installed, 
some new equipment may appear and demand a closer 
tolerance of voltage, wave form, or harmonic content, 
needing special close-tolerance mains or alternators. 
Up to ten different electric power supplies are now 
required, each at many points. 

After all this, we must add up the total requirements 
for electric power to cover the bigger lifts and pumps 
and compressors, the extra workshops and mess decks, 
and all the rest of it, as well as additional load for the 
ship herself. This will show the need for additional 
generators on the ship’s ring main, and perhaps for a 
separate a.c. main. 

Modernising a large carrier may mean increasing 
generator capacity from 4,000 up to about 10,000 kW. 
In turn, this may over-tax the ship’s boilers and these 
may have to be replaced by more modern high- 
capacity units. Luckily the development of gas-turbine 
driven generators has got us out of some of these 
problems by providing compact and self-contained 
prime movers: even they (like every single item of 
equipment) require additional men for maintenance and 
operation, and extra men need extra accommodation 
space, extra domestic overheads, and extra distilled 
water and amps. Aircraft Mechanic Parkinson goes 
to sea! 

Compressed air may be required in greater 
quantities, or at higher pressure, and perhaps 
of special high purity and dryness. This may 
mean new compressor plant to be installed deep 
in the ship, and again more load on the ship’s 
generators or boilers and perhaps a few more 
men. 


Ficure 5. H.M.S. Victorious after an extensive refit is 
now the most modern of the aircraft carriers serving 
with the Royal Navy and was the first to have the fully- 


angled flight deck. 
Official Photograph 
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AIRCRAFT STANDARDISATION 


At this stage, the importance of a high degree of 
standardisation of aircraft equipment is obvious, 
although this runs against the concept of the “air 
weapon system.” There is the problem of how much 
to enforce standardisation on each aircraft designer, or 
how much to allow latitude to them, although this may 
complicate the carrier logistic problem. 

On the whole the Admiralty has allowed a fairly 
free hand, but in future, standardisation at least of 
voltages, frequencies and of pressures must be enforced, 
and these must standardise also with all other N.A.T.O. 
fleets and air forces, to allow as much cross-operation 
as possible from each other’s carriers and bases. 

Examples of lack of any standardisation are: 

(a) Three aircraft, each with a different automatic 

pilot. 

(b) In the same three aircraft, the generators and 

alternators are driven by mechanical, hydraulic 
and pneumatic power! 


TEST EQUIPMENT 

The A.L.18 radar and the guided weapon “Fire- 
streak” are examples of our modern complicated 
equipment, and the cost, weight and elaboration of their 
test equipment is enormous. 

To a lesser extent, all new equipment such as the 
Master Reference Gyro and TACAN bring in the 
requirement for elaborate test gear, much of it mobile, 
for use in the hangar and flight deck. 

After assembling the complete range of test equip- 
ment, we may need “test equipment squared”, i.e. test 
equipment for testing the test equipment. Indeed, in 
some cases a still higher standard of “test equipment 
cubed” or absolute standards may be necessary. 

The total cost of test equipment in a carrier may 
now be more than half a million pounds. 
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MISCELLANEOUS EQUIPMENT 

Other gear may be introduced by new aircraft or Staff 
Requirements which, although comparatively simple 
in themselves, may present enormous problems to the 
carrier and to logistics: LOX, with its liquid oxygen 
producing machinery in the carrier, with special bowsers 
and so on, is one example. 

Engine starting is another case. At present we are 
standardising on hot air starting arrangements, provided 
from Palouste Trolleys or pods. The pod must be 
capable of being carried on a bomb pylon so that the 
aircraft can take its starter with it if going to a remote 
airfield, or on long distance transit flights. Helicopters 
are to be started by I.P.N. starters, to simplify their use 
in the transport and communication roles. 


Maintenance Planning 

Then a new range of problems must be solved. How 
much repair by replacement should be planned, or how 
much rectification and modification should be done on 
board, taking into account all the possible usages of the 
carrier in remote waters with the necessity for complica- 
ted and expensive support bases and pipe lines, if repair 
by replacement is decided upon. The logistic problem 
becomes a balance between the logistic expense and the 
problem of finding space for the workshops and stores 
inside the ship. 

A similar balance must be struck between the 
requirements for men and the requirements for storage 
of stores, remembering how quickly stores often get out 
of date and, on the other hand, that extra men need still 
more men to look after them. 

In general, we try to take as much maintenance work 
as we can out of the ship, to be done when the aircraft 
are at a shore station or when the ship is in dockyard: 
but with a carrier capable of operating on any part of 
the world’s oceans at any time, at short notice and with 
a great range of possible operational requirements, self- 
sufficiency and self-support is often the surest way of 
achieving effective operational results; it has served the 
Navy well in recent years, as well as in past centuries. 

Another principle in our maintenance policy and 
planning is to try to arrange inspections and all routine 
work so that they can be fitted in whenever the aircraft 
is not required for operations. This means breaking 
the work up into such small sections that the aircraft 
need never be deliberately taken out of service in a 
carrier, and so that every opportunity can be seized on 
as it comes. 

The whole of personnel training and maintenance 
policy depends on the balance of these factors. 
Considerable effort is going into the Work Study to 
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make more efficient use of men and of material and thus 
to reduce the space problems. 


Workshops and Messdecks 

The addition of all the facilities, equipment and 
power supplies required by the new aircraft is in direct 
competition with similar additional requirements for the 
ship herself. She will need, among many other things, 
new Navigation and Direction radars (such as the great 
Type 984 set), new armament, improved communica- 
tions, and larger workshops and messdecks. Space is 
therefore at a premium and compromises must be 
worked out. 

The workshop and maintenance spaces have to be 
carefully planned, in conjunction with those for the rest 
of the ship’s own maintenance. The area and installa- 
tion required for the maintenance of every item in every 
aircraft on board, as well as maintenance of test and 
ground equipment, must be calculated and then planned 
into the smallest possible floor-space. The requirements 
even then are enormous: in Victorious the electrical 
workshops have had to be enlarged from 600 up to 
2,500 square feet, and each foot now does the work of 
four in the older easier days. 

Next, the manpower requirements have to be 
planned, both for numbers and for skills, and the 
necessary messdeck, washing and galley spaces must be 
provided. It is one of the hardest problems in an old 
carrier, to find space for all the additional men now 
required. In Eagle, 450 additional aircraft maintenance 
ratings will be needed when fully equipped with the new 
aircraft. Every extra man for maintenance means more 
cooks and domestic load, and even at 5 square feet per 
man, the ship bulges and splits at the seams. At the 
same time, the sailor is a wonderfully flexible and 
versatile person, even though he does need feeding and 
occasional sleep. 


Conclusion 

After trying to give an idea of the problems of 
introducing new aircraft into old carriers, I would like 
to pose an unsolved problem. A 35,000 Ib. aircraft 
lands on deck, breaks the starboard undercarriage, 
carries away an arresting wire, skids across the deck 
and ends up overhanging the port side of the deck at a 
“bank” angle of 15° to port with the nose wheel over 
the edge; she has bombs and rockets attached; seven 
more aircraft of the same squadron are in circuit, 
waiting to land on, with fuel running out. 

How can we clear the flight deck within five minutes 

without calling for a gigantic and much-too-heavy 
crane which would sink through the deck as it tried to 
take the load! ? 
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Some Experiences of a Pioneer in the 
Aircraft Industry in Australia 


by 


SIR LAWRENCE WACKETT, D.F.C., A.F.C., B.Sc., F.R.Ae.S. 


(Director and Manager, Commonwealth Aircraft Corporation, Pty, Ltd. Melbourne) 


Introduction 
Those who have followed a career similar to mine 


have generally displayed an interest in things mechan- 
ical from an early age. I was true to type in this 
respect, and showed my liking for making things from 
as early as I can remember. This was not because I 
was taught to do so, for my father died when I was 
only six. However, I inherited a fine kit of tools which 
I had seen him use, and I taught myself to use them. 

As early as 1910 I constructed some balloons, one 
about 15 ft. in diameter which rose fully 1,000 ft. and 
drifted miles over the countryside. I made large kites 
and some model aeroplanes with elastic motors which 
flew short distances. I sailed boats and made fishing 
tackle. In the primitive rural environment in which I 
was brought up, anyone who did such things was ex- 
ceptional, although nowadays it is commonplace for 
boys to have such inclinations, and encouragement. 

In my boyhood I lived in the “horse and buggy ” 
age; the first motor car did not come to my small town 
until I was 16. There was no encouragement for a 
career in technology. 

During the First World War, I served as a pilot in 
the Australian Flying Corps, both in France and Pales- 
tine, finally becoming a Major in command of a 
Squadron. During this service I learned something 
about the military use of aircraft. Between periods on 
operations, | spent some time in technical establish- 
ments in England, where I mixed with scientists and 
engineers, and learned something about the design 
and construction of aircraft and engines. Even at this 
stage I did some experimental work. 

When I returned to Australia in 1919, Service avia- 
tion was almost non-existent and I was obliged to 
return to the permanent army for a short time until 
it was decided, in 1920, to form what was to become 
the embryo of the R.A.A.F. 

I decided about this time that I was going to pion- 
eer the Aircraft Industry in Australia and make my 
career not in the Air Force but in building aircraft 
for the Air Force; firstly, because I thought I would 
like such an occupation, and also because I considered 
that Australia needed an aircraft industry to support 
air defence. 

I discussed this proposal with some influential 
friends, and was told that it was a laudable ambition 
but that they could not see the remotest possibility of 
it being achieved. It was characteristic of the head- 
strong youth that I was, that this did not daunt me; 
A lecture given before the Melbourne Branch of the Australian 
Division of the Society on 13th November 1958. 


on the contrary, it made me more than ever determined 
to succeed. 

I convinced myself that the opposition was not 
based on sound reasoning, and fortunately things have 
proved that my judgment was correct; although there 
were many times when I needed all the will power | 
could muster to continue in my aim to build aero- 
planes in Australia. 

In spite of serious set-backs at various times, I have 
remained continuously employed in aviation for 43 
years, and now that I am within two years of retire- 
ment I feel confident that I am likely to remain in the 
occupation I have chosen, to the end of my active 
career. 

My object in relating this story is to emphasise that 
the essential requirement for a pioneer in any similar 
venture is an inflexible will not to be frustrated by 
damping advice and adversity; this is even more im- 
portant than technical ability which, of course, one 
must also have to a degree necessary to devise means 
of overcoming difficulties or circumventing them by 
new ideas. 

I started out by deciding to educate myself and to 
train for a new profession. I had graduated as a pro- 
fessional soldier from Duntroon in 1915, and having 
persuaded a friendly and very helpful Professor of 
Melbourne University (Sir Thomas Lyle) that I could 
muster the effort, I succeeded in graduating in Science 
after only one year’s study, in 1922—and while still 
serving part time in the R.A.A.F. After this, I was 
extremely fortunate to have a friend who was a 
distinguished aeroplane designer from England (Captain 
Frank Barnwell), who was spending two years in 
Australia. He tutored me in aeroplane design and gave 
me copies of his basic data, which was probably the 
best practice of the time. 


The R.A.A.F. Experimental Station 


In 1924 I persuaded the then Minister of Defence 
(Mr. E. K. Bowden) to let me start an experimental 
section of the R.A.A.F. to design and build experimental 
aeroplanes, as an initial move to start the aircraft 
industry. The R.A.A.F. did not oppose this, believing 
that it would probably be suffocated at an early age and, 
in the meantime, would relieve them from my continuous 
pressure to do something. 

The R.A.A.F. Experimental Section at Randwick 
proved to be the real foundation of the subsequent 
great expansion of the aircraft industry in the Second 
World War. The key men chosen as the nucleus of 
the C.A.C. (Commonwealth Aircraft Corporation) were 
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largely former members of the Experimental Section; 
and from the example of the C.A.C. in 1939, the 
Government was led to found the Government Aircraft 
Factory. 

The great depression in 1930 brought many essential 
industrial activities near to a standstill, and I found it 
impossible to continue to raise funds to carry on the 
Experimental Section, which was disbanded in 1931. 
During its seven years of existence we succeeded in 
designing, building and testing four prototype aircraft, 
and carried out a number of lesser technical under- 
takings, as well as organising a team of technicians 
skilled in aircraft production. 

If ever there was an example of starting from the 
beginning it was our effort at the Randwick Experi- 
mental Section. I went there with a clerk, a store- 
keeper, two very capable aircraft mechanics and a 
motor-truck driver. All six of us came from the 
embryo R.A.A.F. I advertised for personnel and selec- 
ted about 20 others, among whom there were about 
six who had previously worked on aircraft, but all were 
skilled artisans. This band of beginners gradually in- 
creased to 80 over a period of two years, by which 
time we produced our first experimental aircraft. 

The establishment itself consisted of about an acre 
of galvanised iron buildings, containing about 50 
decrepit machine tools. All these were put in good 
order and reinforced by about 50 new machine tools. 
There was also a foundry, where cast iron, brass and 
aluminium alloy castings were made. Eventually, it 
became a well equipped and efficient experimental 
workshop for the type of aircraft and engines of the 
1920-1930 period. 


Wackett with his observer Shelly and two 
mechanics (Walton and Simpson) with a Bristol 
Fighter in France, 1918. 


The most advanced technical achievement of the 
Experimental Section was an amphibian flying boat of 
6,000 Ib. gross, powered with a 440 h.p. air-ccoled 
engine, which achieved a top speed of 130 m.p.h. and 
a range of 800 miles. I proved its capability by flying 
it on a 9,000 mile journey across, and around, the 
Australian continent in 1928. 

I did the whole of the design and drawing for this 
aircraft, assisted by three draughtsmen. We produced 
the entire airframe, using mostly locally produced 
materials. The engine was imported. The work of 
developing and producing such an item as the retract- 
ing undercarriage in stainless steel, with Monel-metal 
wheels. was no mean achievement in 1927. In the 
wings we used all-metal ribs and developed the tooling 
for this task, including the small pneumatic riveting 
tools. 


The engine for the Warbler, designed by Wackett, 
1924, 


Left 
The ultra-light Wackett Warbler, designed in 1924 
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Widgeon I in 1926. First flying boat designed by Wackett. 


When it came to static testing the large biplane 
structure of 50 ft. span, it strained our resources to the 
limit, but we duly proved our calculations for strength 
by a proof test. 

When one examines in detail the contemporary air- 
craft of about the same size of the time, notably those 
by Supermarine and Vickers, it will be found that the 
Widgeon II was their equal in every respect, and 
actually a little superior in speed and climb. Before 
producing the Widgeon II, for which the R.A.A.F. 
provided about £25,000, I had embarked, at my own 
expense, on an ultra-light monoplane which was entered 
for a sporting event held in 1925. This small aero- 
plane weighed only 750 Ib., including the pilot whe 
weighed 200 Ib., and it was fitted with a two-cylinder 
opposed engine developing about 25 h.p. We built 
the entire aeroplane, including the engine and the 
wheels. It took me up to 5,000 ft. and taught me a 
great deal as an initial effort in aeroplane design, 
before I undertook the larger task of the Widgeon 
Amphibian. With the help of some very enthusiastic 
assistants, the out-of-pocket expense to me was as low 
as £400. This was indeed pioneering, for at that time 
it was not possible to buy such materials as dural 
sheet, or resin-cemented plywood. We made up small 
areas of ply by glueing veneers with casein cement. 

After the experiments with the Widgeons (of which 
there were two), they were finally handed over to the 
R.A.A.F. and used for a considerable time for train- 
ing. I then turned my attention to a landplane. The 
first effort was known as the Warrigal I, which led to 
the Warrigal II; this was a two-seat general purpose 
military biplane of 4,400 lb. with a 440 h.p. air-cooled 
radial engine. It had a performance equal to the con- 
temporary aircraft used by the R.A.F. in England. 
Metal floats were designed and built for this aircraft 
and it performed well as a seaplane. 

The making of these duralumin floats was the first 
experience of all-meial construction of modern type in 
Australia. 

The overall effort of designing, supervising produc- 
tion and test flying of these four prototypes over a 
period of about six years was a large undertaking for 
me personally. Although I received great assistance 
from my splendid band of helpers, I had to train and 


Widgeon II on Perth Water in 1928 while on the flight round 
Australia. 


encourage them almost single-handed, while conducting 
the continuous negotiations for the necessary finance, 
and to combat the efforts of those who tried to sabot- 
age my efforts. 


Design and Production Difficulties 


Some of the difficulties which confronted the design- 
er and constructor of an amphibian aircraft in 1925 
will scarcely be realised by young engineers of today, 
accustomed to the practices and facilities which are 
now commonplace. In those days we had not achieved 
metal construction of hulls. We used timber and 
followed practices closely allied to conventional boat- 
building. One of the great disadvantages was water 
absorption. We had none of the advantages of resin 
impregnation which are common today. I spent much 
effort in finding suitable timber with natural resins 
which resisted wetting and had the least tendency to 
absorb water. A hull which weighed about 1,000 Ib. 
in the factory would weigh 1,300 Ib. after a week on 
the water. It did not leak and was protected by the 
best marine varnish, and no water was visible. Once 
the water was absorbed it was next to impossible to get 
most of it out again, even after months of drying out. 

We had no variable pitch metal airscrews and this, 


The first Warrigal II, designed by Wackett and delivered to the 
R.A.A.F. in 1930. 
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I think, was the greatest handicap of all. Our pro- 
pellers were made of wood and had to be pitched to 
absorb full power at maximum revs. at maximum speed. 
At take-off speed they were over-pitched to the extent 
that the revolutions were down a couple of hundred. 
The wooden blades had to be built with thick sections 
to carry the sheet metal sheathing so necessary to 
withstand the erosion of salt spray. Frequently green 
water struck the blades and cracked the tips, or tore 
off the armouring with grave consequences from vibra- 
tion due to the out-of-balance effects. We had to be 
content with ungeared and unsupercharged engines, so 
the tip speeds were frequently too high, and the fall- 
off in power with high ground temperature on elevated 
airstrips was seriously detrimental. All things con- 
sidered, we rarely achieved more than 60 per cent of 
the full take-off power in comparison with what may 
be realised nowadays. 

It is not surprising that if any useful purpose were 
to be achieved we had to be satisfied with relatively 
low performance and had to keep to light wing load- 
ing in order to cope with frequently over-loaded condi- 
tions which almost invariably were encountered 

Such materials as stainless steel and anodised Dural 
were not available in standards such as bolts and nuts, 
and elastic stop nuis and anchor nuts generally were 
unknown. We were obliged to make such parts in 
Monel-metal on turret lathes when corrosion-resisting 
parts were essential, as was the case throughout the 
amphibian. 

We had no Sperry instruments. Cloud flying had 
to be achieved with the air speed indicator, turn and 
bank indicator, lateral level and relatively crude mag- 
netic compasses which were subject to acceleration 
errors. However, with such instruments Kingsford- 
Smith flew the Pacific, and other great flights were 
made. 

The only electrical equipment was for instrument 
lighting. We did not have engine-driven generators or 
electric starters, but we did have radio. 

We designed and built very efficient radio for the 
Widgeon II, and with it maintained contact during 
daylight with Melbourne all the way to Darwin. For 
this we carried a small air-cooled engine to drive the 
generator. This was a very good achievement for air- 
to-ground radio in Australia in 1928. 

Rarely were there such items as oleo-shock struts 
or balloon tyres. 

Widgeon II had rubber in compression for the 
undercarriage with high pressure automobile tyres on 
Monel-metal wire wheels. We negotiated landings on 
rough fields and paddocks in the back blocks of Aus- 
tralia during a 9,000-mile journey across and round 
Australia. Apart from a few punctures and an occa- 
sional dented rim we encountered no great difficulties. 

Our Arcadian existence at the Experimental Sec- 
tion had a day of reckoning. It was a great disappoint- 


ment to us all to read the writing on the wall, which 
became more prominent every day as the great depres- 
sion descended on Australia and made it inevitable that 
our activities would soon come to an end. The situa- 
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tion at the time, 1929, was so acute that the entire 
Defence Vote for the three Services combined did not 
amount to more than about ten million pounds. The 
R.A.A.F. did not have petrol and flying was actually 
suspended for a time. 


Civil Aeronautical Engineer 

Rather than submit to a decision to abandon my 
objective and reveri to the secure life of a regular Ser- 
vice Officer in a Staff appointment, I decided to resign 
my permanent commission and force myself to remain 
an engineer. I paid heavily for this, and had to be 
content with a greatly reduced income, working in 
somewhat undignified conditions in a dockyard. How- 
ever, it was a haven of exile from which I hoped to 
make a come-back. 

During this period I learned a great deal by carry- 
ing out some tasks for other aircraft pioneers, notably 
Kingsford-Smith and Ulm. 

I got the chance to build an entirely new wing for 
an Avro X. It was a large wing of 70 ft. span, entirely 
of plywood construction on the Fokker principle. There 
were no drawings, so we measured up the damaged 
wing and made templates for the rib profiles. We 
accomplished the task and made a small profit, even 
after under-quoting on the cost of an imported wing. 
Later, we repaired the wing of the Southern Cross to 
the extent of replacing 5O per cent of the structure. 
I also extended the span and area of a similar wing 
for Ulm’s Faith in Australia, building in tankage, 
extended across the span, sufficient for 4,000 miles 
range. 

I also made a number of wire wheels for Avro X’s 
to replace imported dural disc wheels which had failed 
in service. I noticed in a press photograph of the 
recently-discovered Southern Cloud that one of my 
wheels appeared to be about the only thing which was 
still intact. 

When Sir Charles Kingsford-Smith crashed his 
Southern Cross on the night of the opening of the 
Sydney Harbour Bridge, he engaged me to rebuild it, 
We built an entirely new tubular fuselage. The South- 
ern Cross now reposing in the Memorial Hall at Bris- 
bane is 75 per cent rebuilt under my supervision. 


Cettien Hydroplane (Liberty engine), designed and built by 
Wackett, which won The Australia Championship Cup in 1933. 
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When “ Smithy ” decided to fly his Lockheed Altair 
from Australia to U.S.A. he engaged me to build 
internal tankage to attain a maximum range of 3,500 
miles. 

I also designed and built a racing hydroplane for 
Harry McEvoy. It attained 72 m.p.h. with a boosted 
Liberty engine. With this boat he was the only chal- 
lenger ever to defeat the Tortoise in Adelaide for the 
Australia Championship Cup, so taking it to Sydney, 
where it has remained ever since. 

In addition to practical work, I studied a lot, pre- 
paring for the day when I believed that I would be 
able to found the Aircraft Industry. I had to wait 
six years for the opportunity. It did not arise until 
Hitler came to power in Germany and menaced the 
defence of the British Empire. 

The call went out from London to the Dominions 
to rearm as soon as possible. I saw that my oppor- 
tunity was close, so I resigned from the dockyard and 
planned to stage a full-scale demonstration of what 
could be done in aircraft construction in Australia. 

In 1934 I started to develop a small aircraft pro- 
duction unit at Mascot which was known as Tugan 
Aircraft Ltd. The objective was to design and pro- 
duce a small transport monoplane to carry six passen- 
gers in addition to the pilot. The gross weight was 
5,500 Ib. with two D.H. Gipsy Six engines of 200 h.p. 
each with V.P. airscrews. Working night and day I 
did all the design and most of the drawing work to 
produce a hundred sheets of drawings in only four 
months. The prototype was built in six months and 
successfully passed tests by D.C.A. for the issue of 
the first type Certificate of Airworthiness ever granted 
in Australia. The aircraft was a great success. The 
Air Force bought the first, and orders for two others 
were received from civil airlines. Eventually, over two 
years, no less than 12 were produced and all were 
sold at a profit. 

As an example of what could be achieved in 
Australia, this effort was regarded by several leading 
industrialists (notably Mr. Essington Lewis) and the 
then C.A.S. (later Air Marshal Sir Richard Williams) as 
most convincing. My timing had been precise. This 
impression was created just when the effort to import 
aircraft with which to rearm the R.A.A.F. had failed. 
Although Australia had been repeatedly assured that 
defence aircraft could be procured from abroad and had 
placed orders for such aircraft two years before, we 
were informed that the emergency was such that none 
could be allocated to the Dominions. 


The Beginning of the Aircraft Industry 


It is to the eternal credit of the then Minister of 
Defence, Sir Archdale Parkhill, that he decided that 
a local aircraft industry was the only solution to this 
difficulty. He approached some leading industrial- 
ists and it was arranged that the matter be investi- 
gated. I was mentioned by the Air Board as a person 
who had accomplished something which might be of 
value in setting up an aircraft industry, and I was 
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The first Gannett, designed by Wackett, 1934. 


sent for by the industrialists for preliminary dis- 
cussions. 

| have now ieached the stage in my narrative when 
the Aircraft Industry on a major scale had its begin- 
ning, but before proceeding, I will make a few obser- 
vations on the situation as it appeared to me about 
that time. 

Such achievements as I have described would not 
have been possible if aircraft had progressed to a more 
advanced stage at the times when these events took 
place. In those days aircraft were simple and rela- 
tively cheap; otherwise I could not have obtained the 
finance with which to build them. 

The twin-engined monoplane of 5,500 Ib. already 
mentioned, known as the Gannett, was produced by 
experimenta! small-scale effort in a large shed with 
bench equipment, oxy-welding sets, and the simplest 
machines for woodworking and sheet metal working. 
It was sold at a profit of 10 per cent at a price of 
£6,000, which was a little less than the price of an 
imported aircraft of similar capacity. 

The total capital which I had to build no less than 
12 of these aircraft did not exceed £25,000 which, in 
these days, would barely suffice to purchase one Beaver 
of equal capacity and performance. 

I certainly learned to be frugal and to do things 
cheaply with the minimum of plant and facilities. 

It sometimes irks me to have to tolerate modern 
methods of relative extravagance which have come 
about with the greatly increased complexity of modern 
aircraft and the extravagant demands of the users of 
aircraft. Nowadays, because we must do many diffi- 
cult tasks, we have forgotten how to do the simple 
jobs cheaply. 

At this stage I wish to pay a tribute to my asso- 
ciates and helpers of the early days. Some of them 
are still with me at the C.A.C. They do not get into 
the limelight, but they have contributed greatly to 
the development of the Australian Aircraft Industry. 
Without this loyal team I could never have got the 
things done which won the support of the Government 
and the leaders of industry. However, it is part of 
the task of anyone who is bent on a developmental 
project, or an expedition of exploration. He must pick 
his team and build up his position as leader, so that 
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loyalty will keep the team together when adversity 
is encountered, which seems to be inseparable from 
ventures of this sort. 

Whereas in 1923, the case for the aircraft industry 
was regarded as hopeless by all but a few, by 1930, 
after the technical demonstration at the Experimental 
Section and the Tugan Company, there was a section 
of opinion in the R.A.A.F. prepared to recommend 
to the Minister that the time had come when the 
industry was urgently needed. 

The first action by the industrial syndicate headed 
by the B.H.P. was to appoint a small mission to visit 
Europe and America to report on developments 
abroad and to draw up a proposal to start the air- 
craft industry in Australia on a large scale. I was 
appointed leader of the Mission and we duly sub- 
mitted a recommendation. 

We saw how aeroplanes were being built in Eng- 
land, Germany, France, Czechoslovakia, Holland and 
America, and discussed our problem with most of the 
famous men who headed the great companies which 
had carried on from the foundations laid by the 
intense effort of the First World War. 


The Founding of the Commonwealth 
Aircraft Corporation 


The Mission’s recommendations were accepted by 
the Syndicate and by the Australian Government, and 
the C.A.C. was formed at the express wish of the 
Government on the initiative of Sir Archdale Park- 
hill. The Tugan Company, together with the band 
of pioneers, became the nucleus of the C.A.C., and | 
was appointed Manager and so attained the objective 
for which I had aimed for more than 12 years. 

We were extremely fortunate to have started the 
industry in 1937, for at that time there was a complete 
change in the technique of aircraft construction. The 
fabric-covered biplanes using timber for primary struc- 
tures, were replaced by all-metal stress skinned mono- 
planes with such developments as retractable under- 
carriages, V.P. metal airscrews, trailing edge flaps and 
supercharged engines. In setting up at this stage we 
eliminated many of the practices which were legacies 
of the First World War and started off with new 


equipment appropriate to the latest methods which 
had come into being 

I collected into the initial staff a number of the 
men who had worked with me over the preceding 12 
years, and sent most of them overseas to acquire the 
knowledge of the new techniques which we were to 
receive under licence agreements with North American 
Aviation and the Pratt and Whitney Engine Com- 
pany, both of the U.S.A. 

In the meantime, we were able to build the fac- 
tory buildings and purchase the necessary plant. 
Progress was rapid; within two years C.A.C. was able 
to deliver to the R.A.A.F. the first locally-produced 
all-metal monoplane fitted with the first locally-pro- 
duced radial air-cooled engine. 

We received wholehearted assistance and every 
possible help from the two great American firms with 
whom we made licence agreements, but the rapid pro- 
gress could not have been made if it had not been for 
the availability of the band of pioneers who formed 
the nucleus at the critical time when Australia needed 
to found its Aircraft Industry 

My own experience during these critical years 
proved most beneficial. Had I not had the experience 
of 20 years in Aviation, combined with experimental 
work of aircraft building in Australia, I could not 
have mustered the courage to embark on the many 
expedients which alone made it possible to bring into 
being, within a period of two years, an engineering 
organisation fully equipped and skilled in modern 
techniques, for an expenditure of the order of half a 
million pounds. 


The First Aircraft 

The choice of an aircraft for our initial effort 
needed careful consideration. 

We could not begin by attempting to build the 
very latest designs because a comparatively simple task 
was needed first so as to train artisans, and develop 
the essential organisation of an aircraft factory. 

We began with what was called the Wirraway. It 
was an all-metal monoplane with stressed skin wings, 
a hydraulic retractable undercarriage and wing flaps. 
It had a supercharged air-cooled radial geared engine 
with a V.P. airscrew. The equipment 
included radio, Sperry instruments, and two 
machine guns. It represented modern trends 
at the time but, of course, it did not aspire 
to the zenith of achievement which was just 
about to materialise in the Spitfire with the 
Rolls-Royce Merlin engine. 


The initial C.A.C. factory in 1938—the first air- 
craft and engine factory in Australia. 


4 
oe 
j 


I discussed the matter at great length with leaders 
of the industry in England and America, and they 
agreed that it would be too ambitious to start off 
with the Spitfire and the Merlin. 

It was essential to establish the industry on some- 
thing less difficult, but this point was never appre- 
ciated by many Service officers, or by the Press and 
the politicians, when war caught us short before we 
could aspire to first line aircraft from local production. 
In the bare two years which elapsed before war broke 
out the best we could achieve was to be able to pro- 
duce Wirraways in quantity. 

They were sent to New Guinea to be shot down 
by Zeros because they were the best and only aero- 
planes that we had. Had the powers that controlled 
policy made the decision to start the industry two 
years sooner, we could have had Spitfires. The even 
better Mustang succeeded the Wirraway and actually 
proved the contention that first-class fighters to meet 
the Zeros would have been available had the decision 
to start been taken in 1934 instead of 1936. 

To start an airframe and engine factory in a 
country which had not then built an automobile, set 
us a very difficult task to produce the tooling and to 
find operators for the hundreds of first-class machine 
tools which were imported, particularly to produce the 
engine. 

It was fortunate indeed that war did not come 
until we had time to get the initial stage over and to 
collect 2,000 tradesmen and give them an introduction 
to aircraft construction. At least we were fully equip- 
ped and prepared to embark on large-scale production 
of Wirraways, which were the selected aircraft for the 
Empire Air Training Scheme and were required in 
large numbers. Australia produced most of the air- 
craft required for training during the Second World 
War and this was indeed a great portion of the whole 
equipment required. 

Our Wirraway was capable of performing some 
secondary operational duties and many were used in 
forward areas in operations against the enemy. 

It was not possible to embark on the industry on 
a very large scale because the R.A.A.F. could not 
contemplate ordering aircraft at a rate exceeding one 
per week. This being so, we were somewhat embar- 
rassed when we tried to follow the methods of our 
licensors who had developed large-scale production. 
In particular, | remember when I first went to Pratt 
and Whitney in 1936 and found that all the techniques 
were built round an output of 20 engines per week. 

I calculated that the minimum cost of the plant and 
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The Wacket Wirraway trainer; 250 were built in 1940. 


tooling for an output of one engine per week, based 
on their methods, would be £1,000,000, whereas all | 
could allocate for facilities for engine production was 
£250,000. 


Engine Production 


When I discussed the matter with Pratt and Whit- 
ney they despaired at the prospect before me. How- 
ever, | was determined not to lose this one and only 
chance which had come to start engine production in 
Australia, so I had to face the responsibility of devis- 
ing frugal methods of achieving the objective. This 
strained my bent for improvisation to the limit, but 
I went ahead and ordered such general purpose plant 
as was essential and equipped these with additional 
alternative tooling with which to accomplish the 
various operations. 

I avoided the use of mosi of the single purpose high 
production machines which Pratt and Whitney used. 
This same principle has applied up to the present time. 
We have found it possible to convert many of Rolls- 
Royce’s high production techniques to smaller rate 
set-ups to suit the limited scale of production required 
in Australia in peacetime. In most cases there is little 
difference in rate cost, and in all cases there is a saving 
in capital cost for plant. One cannot get high out- 
put and make large profits by this small-scale produc- 
tion, but it does enable us to establish the techniques 
and attain self-sufficiency and independence. The 
whole story of the establishment of C.A.C. is filled 
with examples of improvisation and economy in an 
endeavour to cover a wide range with the minimum 
of capital investment. From being a Dominion 
without any aircraft production facilities 
in 1936, Australia entered the War 
in 1939 equipped with up-to-date factories 
capable of producing all requirements 


Boomerang fighters; 250 were produced by C.A.C. 
in 1942. 
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for training aircraft and able to render great service in 
the maintenance of first-line aircraft. Had the war 
continued for another year we would have attained 
self-sufficiency even for first-line aircraft. 


The Boomerang 

After the initial succcess of producing the Wirra- 
ways we reached the stage when the choice of a more 
advanced and first-line aircraft for local production 
could be made. The choice was the Mustang, but it 
was clear that this would take another two years. 
While the preparations for the Mustang proceeded we 
were obliged to devise and produce a stopgap fighter 
to supplement the meagre supply of Kittyhawks for 
service with fighter squadrons in New Guinea. It 
was the Boomerang, and 250 were built and many 
were used against the enemy in New Guinea. It con- 
tained some Wirraway components, and was engin- 
eered rapidly. The first prototype flew in 13 weeks. 
First production came in six months—surely an all- 
time record! 

It could outclimb any of the American fighters 
which we had, and had 20 mm. guns. As an example 
of something done as an emergency measure it stands 
unsurpassed among the many such improvisations 
undertaken in the field of munitions during the War. 

By this time the Aircraft Industry had justified it- 
self from an economic aspect. The 800 Wirraways 
which had been produced had cost Australia 
£1,000,000—less than an equivalent number of Har- 
vards purchased by Canada for the Empire Air Train- 
ing Scheme. This proved another argument for the 
local aircrafi industry. It is that when we really want 
aeroplanes very badly for defence, the numbers re- 
quired are large enough to achieve economical pro- 
duction costs. This is partly due to the difference 
between wages in Australia and America which is the 
only source of aircraft in wartime. 

In peacetime when the R.A.A.F. can only order a 
few, the cost of locally-made aircraft is high. This is 
continually advanced by opponents of the industry, 
who overlook that the fundamental object is to en- 
sure that we have aircraft in war. They also over- 
look the great saving in being able to repair battle 
damage and to salvage seriously damaged aircraft. 
This is only possible where full production facilities 
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are available locally. The savings from this alone can 
amount to the entire cost of tooling up for local pro- 
duction. It has been the deciding argument which 
has kept the industry in being for 22 years. If ever 
the argument for the industry is lost it will mean the 
end of effective air defence in these days when air- 
craft and their weapons systems have become so 
complex. 


The Australian Industry and the Future 


Nevertheless, | see omens in recent developments 
which do not portend well for the future of the 
industry. 

The Government, having made pacis which assure 
Australia of powerful allies in the event of threats to 
our security in the South West Pacific, is likely to be 
satisfied to maintain the Aircraft Industry on the very 
minimum basis which will ensure its continuance. 
Under these conditions it is unlikely that we will ever 
again see, in peacetime, such activity as exisied during 
the past five years when Canberras, Sabres and Avon 
engines were built. 

I would draw particular attention to the funda- 
mental importance of the decision taken in 1935, pri- 
marily on my advice, that it was not sufficient to found 
the Aircraft Industry by providing facilities for the 
building of airframes alone. I pressed strongly that 
the production of power plants would eventually prove 
the deciding factor as to whether a local aircraft 
industry was worthwhile. 

This decision resulied in our being able to enter 
the production of jet engines within a couple of years 
of the production of these engines in quantity in 
England and America. 

With the most advanced military aircraft the power 
plant and its accessories amount to a larger task than 
the rest of the airframe, in terms of technical effort 
and the plant required. 

The production of the Avon/Sabre with its engine 
by C.A.C. represents a greater achievement towards 
the building of the whole aircraft than is currently 
being delivered by any other firm in the Western 
World. 

Overseas, the production of power plants is wholly 
separated from that of airframes, but in Australia where 
the scale of the respective undertakings is so much 
smaller, it has been possible to combine 
the two under one management with great 
advantage in economy in the provision of 
common facilities. 


The C.A.C. factory at the end of the Second 
World War. 
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In Australia, C.A.C. is the only aircraft firm which 
engages in engine production, and it is therefore a 
most valuable support for the R.A.A.F. and, in con- 
sequence, has earned a preferential position. It is 
difficult to imagine how the R.A.A.F. could operate 
in war without the support of the C.A.C. 

After the 1939-45 War and at the time of the 
change to jet engines, C.A.C. became associated with 
Rolls-Royce, who were interested to the extent that 
they became shareholders in C.A.C. We are now com- 
pletely converted to the Rolls-Royce policy of “Quality 
Pays”. It has raised our skill as manufacturing 
engineers to a very high level. This surely is some- 
thing to the real advantage of Australia generally, and 
this was the comment of the Prime Minister when he 
made an inspection a few years ago. 

The C.A.C. factory is officially regarded as a show 
place for distinguished visitors from overseas. We have 
a continuous stream who are brought to the factory 
by Government departments and large firms. These 
visitors are often taken first to the G.M.H. to see 
simpler and cheaper engineering products produced in 
large numbers; and then, by way of contrast, to C.A.C. 
to see the most complex and expensive products re- 
quiring the highest skills, produced in small batches. 

in conclusion, | summarise my opinions and some 
convictions formed as a result of my experience in 
this venture. 

There have been only three occasions during the 
past 30 years when the Government favoured the Air- 
craft Industry with real enthusiasm. At these times 
it fostered its development, but at all other times it has 
let it languish. 

Firstly, when Hitler came to power in 1935 and 
overseas sources of supply of aircraft failed us, there 
was a strong move which resulted in the establishment 
of the C.A.C. 

Secondly, during the Second World War, when 
Japan menaced Australia, supreme efforts were made 
to develop the Aircraft Industry to attain self-suffi- 
ciency. More than 30,000 men were employed making 
aircraft and engines at the peak of the effort. 

Thirdly, after having been allowed to shrink to 
not more than 5,000 men, when war broke out in 
Korea and a Third World War threatened, the Aircraft 
Industry was revived to rearm the R.A.A.F. It reached 
a total of about 10,000 men in 1955. 

Now that the R.A.A-F. is well supplied with air- 
craft and we have defence pacts which ensure strong 
allies in the event of hostilities, the Aircraft Indusrty 
is being allowed to decline to what will probably be 
the very minimum activity to preserve its existence. 

The conclusion to be drawn is that no Australian 
Government has been really keen to have an active 
and flourishing aircraft industry, except when it was 
the only means by which aircraft for defence could be 
obtained. If it is ever possible to eliminate or reduce 
drastically the need for military aircraft, it seems likely 
they will hardly care if the Aircraft Industry dwindles 
in consequence. 

While it has been interesting for those who have 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY MAY 1959 


The first R.A.A.F. unit with Avon Sabres produced by C.A.C. 
in 1955. 


been engaged in it during the periods when it was 
suppported by substantial orders, it has been dis- 
appointing and depressing at other times. 

It is a career for enthusiasts and those who can- 
not be deterred from engaging in technical aviation. 
It is a fascinating occupation if one can get the 
opportunity to pursue it. 

As a career it cannot be recommended to young 
men wishing to follow a sound profession with assured 
possibilities for the future. 

There is the chance that one could achieve great 
success; on the other hand opportunities may be 
meagre, and it is more likely, perhaps, that one would 
wish to give it up after having devoted many of one’s 
best years to it, to seek better opportunities in other 
and more secure occupations. 

For my part, I am quite satisfied to have spent my 
active life in this work. I have been fortunate to 
have lived at the time when aviation was being 
developed from the earliest experiments to revolution- 
ise the mobility of the fighting forces, and to provide 
civilisation with the greatest triumph of transportation 
ever devised. 

I have been closely associated with the building up 
of a large company, which even in lean times employs 
3,000 men in high-class engineering. C.A.C. is in a 
strong financial position and has provided me with a 
good living. 

As to my pioneering aircraft, I shall always regard 
them as the steps by which I attained my ambition. 
It is a great source of personal satisfaction to have 
attained one’s ambition. When I retire in the near 
future I hope to be able to think of some of these 
aircraft as I thought when I saw some of the famous 
old aeroplanes in the Museums of the Smithsonian 
Institution and at South Kensington. 

These thoughts were those of the seventh verse of 
the 44th chapter of the Book of Ecclesiasticus: 


“All these were honoured in their generations, 
and were the glory of their times.” 
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An Estimate of the Forces on Annular Fairings” 


by 


J. A. BAGLEY, B.Sc. 
(Royal Aircraft Establishment, Farnborough.) 


N ANNULAR FAIRING can be used to control where 
A the flow through an airscrew, which is then generally o 4 Steen, / 1—x/< 
referred to as a ducted fan. There are obvious affinities ”( ) =2ah \ ( = P ) 
between such a fairing and the fairings used to control the 
flow through turbo-jet engines, but there are certain (=)=: (1 x ) ( x/c ) 
significant differences which have to be recognised when I1—x/c 
such fairings are designed. In particular, a fairing for and 
a ducted fan is usually much shorter than one for a turbo- : / r ox \? 
jet engine. Whereas it is usually convenient and justifi- mt ) 2nV \ |! (1 ) ] 
able to treat the internal and external flows of a turbo-jet 
nacelle separately and to consider the interactions between The axial and radial velocity increments, v, (x) and v, (x), 
the intake and nozzle to be small, a short fairing must be along the cylinder due to the distributions y, (x/c) and 
treated as a whole. The simple calculations made in this y, (x/c), for cylinders with various chord/diameter ratios, 
note may give some indication of the order of fairing have been tabulated conveniently by Kiichemann and 
length where this becomes necessary. Weber“. 

In a ducted fan installation, the duct is commonly muibiend, 
designed to produce a different flow velocity inside the P STREAMLINE 
fairing from that outside. In these circumstances a circula- jaan ee 
tion is set up around the fairing, so that a normal force Ye . alle 
is generated in exactly the same way as lift appears in 
the two-dimensional flow past an aerofoil. In this case it 42 PV. - z - 
appears as a radial force, uniformly distributed around the 
circumference of the fairing. The magnitude of this force, 
being a direct measure of the circulation, serves as a 
useful parameter to indicate whether the fairing must be 


SKETCH OF ANNULAR FAIRING CONSIDERED 


r 


treated as a whole, or whether a separation between internal 

and external flows and oetween intake and exit is \ 

The force carried by the fairing clearly depends on the Ce ed 

length/diameter ratio of the fairing, and on the velocity | te “he 

difference which it produces between the internal and ' = | 

external flows. The following analysis attempts to show be ih 


roughly the magnitude of these effects. 


ANALYSIS - 
The configuration considered is shown in Fig. 1. It 
is a thin cylinder of diameter D and chord length c, 


symmetrically placed in a stream of velocity V The 

mean velocity inside the fairing is V,; there is thus a 
velocity difference between the inside and outside of the cHorRo / DIAMETER 

fairing (produced by a camber of the fairing, or a fan, 

which it is not necessary to represent directly in the model) 


This velocity difference can be represented by a distribu- 
tion of bound vorticity, y (x), along the cylinder. In this 


simple model it is symmetrical about mid-chord, and can SUCTION FORCE At EES One 
be approximated by an expression: | 
F, 


Received 6th February 1959. 


CHORD / DIAMETER 


*The views expressed in this note, and the arithmetic, are 
personal to the author and do not necessarily represent the Ficure 1. Estimated radial and suction forces on annular 


official views of the Ministry of Supply. fairings. 
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The ratio of the coefficients, C,/C,, can be found from 
the condition that the cylinder is a streamline, which is 


C, +v, J+C,v,,=0 (1) 


where the radial velocities v r, (x) and v, (x) are tabulated 
in Ref. 1. ; 


This condition is automatically satisfied at x/c=0-5, 
and can be satisfied also at one other point; in the 
examples given here x/c=0-1 was selected. (By symmetry, 
equation (1) is then also satisfied at x/c=0-9.) 

The relation between the velocity ratio V,;/V, and the 
vortex strengths can be obtained from the stream function 
of the velocity field associated with the vortex distribution. 
If there were no bound vorticity on the cylinder, the vaiue 
of the stream function there would be ¥,={D*V, (in the 
convention of Ref. 1—see p. 307, equation (28)). The 
stream function of the combined flow, including the bound 
vortex distribution +(x), at mid-chord of the cylinder is 


where v* is the stream function of the potential field due 
to a single ring vortex, which is tabulated in Ref. 1. 
The mass-flow ratio is then given by 


2c x 


0 


The integration in equation (2) must be performed 
numerically, and then from equations (1) and (2) together 
the values of the coefficients C, and C, can be found. 

The radial force on each element of the fairing is equal 
to py (V,+v,), so the radial force coefficient 


1 


1 
0 


(The second integral must be evaluated numerically.) 
In the limit when the cylinder becomes infinitely long, 


it is easily seen that 
43) 
C,=1 


The axial force on the complete fairing must be zero 
in incompressible flow, but a suction force must be 
generated at each end of the fairing, associated with the 
singularities of the vortex distributions y, and y_,. The 
same singularity and leading edge suction force appear 
in the two-dimensional solution for a lifting flat plate. By 
application of the principle of conservation of momentum 
to a suitable region around the aerofoil, it can be shown 
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that this leading edge suction force on unit length of the 
circumference is 


It is convenient to form a non-dimensional suction force 
coefficient 
F, SxD _ 82°C,’ 
4pV.2A~ (D*/4) Dic 


In the limit when the cylinder becomes infinitely long, 
it can be shown (Ref. 1, p. 62) that 


ipV,*A 


NUMERICAL RESULTS 
Applying equations (1) and (2) for the case V,/V,=4 
gives the following values 


—9-15 


The resulting values of radial force coefficient C, and 
suction force coefficient 
tpV 7A 


are given in Fig. 1 together with the limiting values for 
c/D—>oo, for the cases V;/V,=4 and V,/V,=}. 


DISCUSSION 

From the results shown in Fig. 1, it is clear that the 
radial force coefficient increases with reductions in the 
chord/diameter ratio of the fairing. The surface pressure 
coefficients must vary accordingly, so that both suction 
peaks and adverse pressure gradients will increase in 
magnitude as the chord of the fairing is decreased. In- 
creasing suction peaks imply a reduction in critical Mach 
number for high-speed applications, and increased adverse 
pressure gradients can lead to boundary layer separations 
on the outside of the fairing. Both effects can cause an 
increase in fairing drag (to be balanced against a reduction 
in skin friction drag for a shorter fairing), and may also 
lead to buffeting or other undesirable types of flow. 

The rapid increase in the radial force for chord 
diameter ratios less than about 2 indicates that for such 
short ducts the circulation round the fairing is an impor- 
tant feature of the flow pattern, and must be represented 
in any theoretical treatment. For design purposes, there- 
fore, it is no longer likely to be adequate to treat the 
internal and external flows separately, as suffices for the 
longer fairings conventionally used for turbo-jet engines. 
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TECHNICAL NOTES—R. S. BENSON and W. A. WOODS 


Measurement of Travelling Shock Waves and Transient Velocities 


with a Farnboro Indicator 


R. S. BENSON,* Ph.D., M.Sc.(Eng.) and W. A. WOODS.,?+ Ph.D., B.Eng 


(*University of Liverpool. *Rolls-Royce Ltd, Derby, formerly Munitions Committee Fellow, 
University of Liverpool.) 


HE FARNBORO INDICATOR gives a_ large 

permanent pressure-time diagram with a linear time 
base and pressure scale. In its latest versions accurate 
diagrams can be taken over a wide pressure range. The 
major disadvantage is that it can only be used for cyclic 
repetitive processes such as those occurring in engines or 
specially designed machines. During the course of an 
investigation of pressure wave phenomena in an exhaust 
pipe of a high-pressure-charged two-stroke cycle engine 
model the Farnboro indicator was used to record shock 
waves travelling along the pipe and to measure the total 
head pressure downstream of a nozzle placed at the end of 
the pipe and hence to calculate the transient velocity. In 
this note some of the pressure records taken in the investiga- 
tion are presented. 


MEASUREMENT OF TRAVELLING SHOCK WAVES 

The modified Farnboro indicator with thyratron relay“ 
and special low pressure unit®’ with a free diaphragm 
pressure pick-up®’ is extremely sensitive to small pressure 
changes. With the pick-up clean and the diaphragm free, 
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BLOWDOWN 
PULSE 


RELEASE PRESSURE RATIO 4:37 
SPEED 15000 r. p.m 

PIPE DIAMETER I IN. LENGTH 120 IN. 
NOZZLE DIAMETER = ZIN. 


pressure changes of the order 0-035 Ib./in.* can be 
recorded. The low pressure scale on the Farnboro diagram 
can be varied by suitable springs from 1-22 Ib./in.? per 
inch up to 3-425 Ib./in.* per inch and the pressure range 
varied from —10 lb./in.* up to +10 Ib. /in.? © 

A typical indicator diagram is shown in Fig. 1. The 
shock wave is consequent upon the rapid build up in pipe 
pressure as the pressure waves pass along the exhaust pipe. 
No especial difficulty was met when taking the diagram 
and it will be clear that for travelling shock waves in a 
cyclic repeatable system the Farnboro indicator offers a 
ready and accurate method for the measurement of shock 
strengths and timings. 


MEASUREMENT OF TRANSIENT VELOCITIES 

In the experimental investigation it was considered 
desirable to ascertain whether the assumption of quasi- 
steady flow at the outlet end of an exhaust pipe fitted with 
a nozzle was satisfactory. Since the flow through the 
nozzle was subsonic and the downstream pressure 
atmospheric an impact tube located downstream of the 
nozzle would give a direct indication of the gas velocity 
and also whether quasi-steady flow conditions existed. A 
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SHOCK WAVE 


| 


ATMOSPHERIC PRESSURE LINE 


FiGureE 1. Farnboro diagram showing shock wave. 
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41N. DIAMETER PIPE 


Arrangement of apparatus for calibration of 
“total pressure” unit. 
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Ficure 4. Transient velocity and upstream pressure pick-ups in 
position. 
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Figure 3b). Calibration curves for “total pressure” unit. 
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DIAGRAM. (NO BLOCKAGE 
CORRECTION APPLIED) 


CALCULATED FROM CORRECTED 
OPEN END DIAGRAM. (BLOCKAGE 


CORRECTION APPLIED) o6 
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FiGuRE 6. Total head pressure indicator diagrams (a comparison of measured and calculated curves). 


simple impact tube was therefore made into which a 
standard diaphragm type Farnboro pressure pick-up was 
fitted. A photograph of the impact tube is shown in Fig. 2. 
The bore of the tube (0-09 in.) was selected in order to 
keep the indicator passage of constant cross section. With 
the small nozzle used in the experiments this caused a 
blocking effect and the unit was calibrated in situ. The 
arrangement of the calibration apparatus and the calibration 
curves are shown in Fig. 3. When indicating the impact 
tube was moved into the line of flow; when not in use the 
tube could be removed by a simple bar arrangement. A 
photograph of the complete assembly with the upstream 
pressure pick-up in position is shown in Fig. 4. 

A number of tests was carried out with the unit, the 
pressure diagrams were obtained in the usual manner; a 
tracing of a typical Farnboro diagram of the total head 
pressure is shown in Fig. 5. The derived total head pressure 
based on the upstream pressure with and without blockage 
correction is shown in Fig. 6 together with the observed 
total head pressure taken with the impact tube. In the 
present application the flow through the nozzle was uni- 
directional and hence the total head pressure would give a 
direct measurement of the velocity. The Mach number of 
the gas stream at the impact tube is shown in Fig. 6 
assuming the static pressure at the impact tube to be the 
outside pressure 

It will be seen that the arrangement used is extremely 
simple. The unit can be calibrated to read directly in 
velocity units. The principle can be extended to small Pitot 
tubes, but care must be taken to ensure the indicator 
passages are short and of constant cross section. Since the 
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Farnboro pressure pick-up is insensitive to temperature 
changes calibration can be carried out at low temperatures. 


CONCLUSIONS 

This note gives two applications of the Farnboro 
indicator which should be of interest to investigators 
measuring cyclic gas dynamic phenomena. The new form 
of pressure pick-up, relay unit and low pressure unit offers 
an extremely sensitive method of pressure measurement 
which can be directly calibrated and produces a large per- 
manent pressure record 
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Escape from Military Jet Aircraft 

On 25th March Wing Commander J. Jewell of the 
Martin-Baker Aircraft Co. spoke to the Section. 

He traced the history of the ejection seat, which had 
started early in 1944 when Mr. James Martin was asked to 
investigate the practicability of forced ejection from fighter 
aircraft. Several alternatives were considered, but it was 
soon apparent that the ejection of the complete seat was 
the most attractive. 

There was no information at that time on what the 
human body could stand in the form of upward thrust, 
and tests were carried out to determine what g could be 
withstood without injury. The first human ride reached 
4 ft. 8 in. on the test rig, and when this was increased to 
10 ft. considerable physical discomfort was experienced. 
When Mr. Andrews of The Aeroplane suffered a crushed 
spinal vertibrae with a mean acceleration of less than 4g 
it became necessary to investigate the nature of the 
acceleration and the reason for the effects produced. 

To study the structure and physical limitations of the 
human spine, Mr. Martin arranged to see a number of 
spinal operations and obtained a human spine for 
mechanical tests. He found that the damaging conditions 
of the acceleration was a high rate of rise of g, as rates of 
rise of between 600g per second and 800g per second were 
being produced. He now realised the importance of a slow 
rate of rise of g, limited to 300g per second, with a peak not 
to exceed 21g. He then came to the conclusion that injury 
to the spine would not occur if the following conditions 
were fulfilled : — 


(a) That the peak acceleration should not exceed 21g and 
this peak should not be held for longer than about 
1/10th second. 

(b) That the onset, or rate of rise of g should not be 
greater than 300g per second. 

(c) That, in sustaining this acceleration, the body should 
be held in a position to ensure that adjacent spina! 
vertibrae were square to each other. 


From the earliest seats, therefore, the design of gun 
and cartridge was arranged to establish the first two basic 
factors, (a) and (b), while (c) was obtained by a correct 
sitting posture in the seat and by the face screen method 
of firing. These factors are now generally accepted. 

The next stage was airborne trials, and a Defiant was 
modified to have an ejection seat. The first dummy ejection 
in flight was made on 11th May 1945. 

Higher speeds were now necessary and a Meteor was 
modified, and test at 415 m.p.h. showed up a new trouble: 
the main parachute was opening too early and bursting. 
This was found to be due to the stabilising drogue para- 
chute being drawn into the wake of the seat and becoming 
entangled with it. A gun and cartridge to extract the 
drogue and to take it away from the wake of the seat, on a 
line, whose length was arranged to enable the drogue to 
develop and control outside the wake turbulence was then 
introduced and this proved most successful. 

Satisfactory as the new seats were, it was felt that some 
automatic means of ensuring that the pilot separated from 
the seat would be an advantage. This would enable an 
unconscious or wounded pilot to reach the ground safely. 
A time release mechanism was devised, which, in conjunc- 
tion with a barostat control releases the occupant at a 
height of 10,000 ft. 

The first seats were ejected at 60 ft./sec., but later 
aircraft having high fin projection and higher operating 
speeds required the development of an 80 ft./sec. ejection 
with acceptable acceleration; and this is achieved by a new 
gun which consists of three tubes, two of which telescope 
inside the main outer tube, and is powered by one primary 
and four auxiliary charges, the latter, for installation 
convenience, being arranged in two pairs. When the 
primary charge is fired the inner tube is unlocked by the 
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generated pressure and it begins, together with the inter- 
mediate tube, to extend, carrying the seat and occupant 
with it. After extending 16 inches two ports are 
uncovered allowing the flame to ignite the first pair of 
cartridges, and then a further extension of 9} inches 
uncovers two other ports to fire the second pair of 
cartridges. 

The gun continues to extend until the intermediate tube 
is arrested by a flange on the outer tube, the shock being 
cushioned by fifteen gas-filled rings. The inner tube carry- 
ing the seat continues to extend until it breaks away from 
the gun and thus the aircraft. 

An added advantage of the higher trajectory is the 
possibility of use from the ground on take-off. A successful 
live runway ejection was made by Sqn. Ldr. Fifield on 3rd 
September 1955. He was safely on the ground only six 
seconds after pulling the release. 

Considerable publicity was given to an escape from a 
Hunter diving at a Mach number of 1:1. Although 
affording wonderful proof of the effectiveness of their 
seat Martin-Baker point out that due to the height the 
E.A.S. on this occasion was less than on many subsonic 
ejections. 

Wg. Cdr. Jewell gave many examples of escapes which 
would not have been possible without an ejection seat, the 
first use of which was from the prototype AW 52 Flying 
Wing in May 1949. Service experience had pointed the way 
to further developments and the seats in use today were 
very much more effective. 

A good deal of experimental work had been done on 
rocket driven seats to increase the trajectory height and 
impart forward velocity irrespective of the aircraft's 
behaviour at the time of ejection. Because it is impossible 
to align the thrust of the rocket through the c.g. the 
performance of the seat is very dependent on c.g. move- 
ment during ejection, and a great deal of work remains 
before a satisfactory operational rocket seat is available. 

Much is talked about the provision in military aircraft 
of escape capsules or pods. Arrangements will have to be 
made to ensure a rapid and clear breakaway from the air- 
craft in an emergency, then to bring the capsule under 
control and land it safely, or alternatively, to get the 
occupant out on a developed parachute quickly after 
separation. This method will have to be designed into the 
aircraft from its inception and much initial thought given 
to it. 

Wg. Cdr. Jewell concluded his most interesting lecture 
by showing two films. 


Lecture by Donald Douglas, Jnr. 

The Section was fortunate in securing no less a person 
than the President of the Douglas Aircraft Corporation to 
speak to them on “The American Aircraft Industry” on 8th 
April. Rarely has there been a larger audience at one of 
our lectures, and we were further honoured by the 
presence of many leading figures in the aeronautical world. 

This lecture has been summarised by the weekly technical 
press, and will appear in full later in the JOURNAL. 


Paris Visit 

This is your last chance to book a seat for our inclusive 
tour of the Paris Aero Show for only 10 gns. Bookings and 
£2 deposit to J. R. Cownie, 40 Sherwood Avenue, Marshals- 
wick, St. Albans, Herts. For further details see April 
JOURNAL and poster. 


Summer Party Friday 12th June 

Tickets, price 7s. each, including free drinks and refresh- 
ments (music by Hugh McCanley) are now available from 
Committee members, or J. R. Cownie (address as above), 
for the Summer Party. 
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ADVANCES IN APPLIED MECHANICS, Vol. V. Edited by 
H.L. Dryden and T. von Karman. Academic Books, New York, 
1958. 458 pp. Illustrated. 12 dollars. 

This book contains articles on the present state of 
knowledge in selected but completely unrelated fields of 
research with short accounts of some topics of general 
interest. 

Firstly the problems of design of supersonic air ejectors 
are briefly discussed by J. Fabri and R. Siestrunck of 
O.N.E.R.A. The material is well presented and the authors 
conclude that supersonic jet ejectors can now be designed 
with a relatively small amount of calculation with good 
accuracy in performance estimation. They also state that 
the seemingly intricate performance curves of ejectors can 
be simplified and interpreted more easily if the various flow 
patterns which govern their operation be considered 

The author of the second article is Dr. A. I. van de 
Vooren, formerly of the National Aeronautical Institute, 
Amsterdam. In about fifty pages he gives an excellent 
summary of the present siaie of knowledge of basic 
unsteady aerofoil theory. The oscillating aerofoil in two 
and three dimensions is briefly considered and the relevant 
solutions for incompressible and compressible flow are out- 
lined. The validity of linearised theory on which these 
solutions are based is discussed and methods for dealing 
with non-linear effects due to viscosity and thickness are 
briefly described. This article can be strongly recommended 
to anyone wishing to obtain quickly some idea of the 
progress that has been made in this field in recent years. 

A brief contribution by Charles Saltzer, of the Case 
Institute of Technology, on the “theory of distribution” 
as created by L. Schwartz follows. References are made to 
the work of Temple, Mikusinski and others in this field 
Special mention is made of the application of the theory 
to the representation of the Dirac delta function and its 
derivatives and to the analysis of Fourier series and trans- 
forms. 

Stress propagation in rods and beams is then discussed 
at greater length by Abramson, Plass and Ripperger. The 
propagation of longitudinal and flexural elastic and plastic 
waves are considered and emphasis is placed on the 
experimental results that have been obtained rather than 
on the methods of measurement used. Comparisons between 
theory and experiment are made and most of the significant 
developments in the subject of wave propagation in recent 
years are mentioned. 

This is followed by an article of 45 pages by Frieman 
and Kulsrud of Princeton University on the subject of 
Hydromagnetics. No attempt is made to treat all the 
information available but attention is drawn to excellent 
review articles by Elsasser, Lundquist, Chandrasekhar and 
the book by Spitzer. The authors of this section consider 
particular problems in detail and give an account of 
various studies of the stability of hydromagnetic flows and 
discuss the propagation of reflection and refraction of 
hydromagnetic waves. No reference is made to work 
published since 1955, 

An article on the Mechanics of Granular Matter by 
Deresiewicz of Columbia University gives an account of 
studies made of the static and dynamic response of granular 
media. A brief outline of some of the unsolved problems in 
this field is given and suggestions made for further research. 


The volume ends with an authoritative, comprehensive 
account of “Condensation in Supersonic and Hypersonic 
Wind Tunnels” by Wegener and Mack of the Jet Propulsion 
Laboratory, California Institute of Technology. This should 
be of considerable interest to aerodynamicists, particularly 
the sections dealing with the effect of condensation on 
wind tunnel measurements, methods of air drying and 
heating, and special techniques used for the study of 
condensation. 

The material contained in the book is well presented and 
a good account, as far as the reviewer could judge, is given 
of the state of knowledge up to about 1955 in the various 
fields of research considered. Many readers will find much 
useful information in this publication but the unrelated 
topics discussed cover such a wide field that few will be 
interested in the volume as a whole.—w. P. JONES. 


NUCLEAR ROCKET PROPULSION. R. W. Bussard and 
R. D. de Lauer. McGraw-Hill, New York, 1958. 370 pp. 
Illustrated. 77s. 6d 

Although the recent achievements in space flight have 
been most spectacular it is already evident that the funda- 
mental limitations of the chemical rocket motors used will 
present a serious barrier to future developments in this field. 
It is for this reason that considerable research effort is 
now being expended in the U.S.A. (and presumably in the 
U.S.S.R. also) to devise nuclear rocket motors of various 
types with a higher performance potential. 

This book will be welcomed by the small but growing 
band of enthusiasts in this country who struggle manfully 
to keep abreast of new advances in space propulsion in 
spite of the lack of official encouragement. The task of 
merging together the two vast and complex rocket and 
nuclear technologies is a formidable one and it is to the 
authors’ credit that they have succeeded in producing a well 
balanced book covering all the important aspects in only 
370 pages. 

The declared objective of the authors is to introduce 
the subject for the benefit of the engineers rather than the 
scientists and this they do by concentrating primarily on 
the basic design principles of the solid fuel fission rocket. 
In this type of rocket a propellant fluid such as hydrogen 
or ammonia is pumped through a high temperature reactor 
core and expanded through a regeneratively cooled super- 
sonic nozzle. 

The book opens with a chapter on performance and it 
is shown that the specific impulses in the range 500 to 1000 
lb. thrust/lb./sec. mass flow of propellant are attainable if 
gas temperatures of 2000-3000°C can be achieved. In a 
chapter on system analysis an excellent insight is given into 
the methods used in optimising the overall design of a 
space vehicle. The basic aspects of heat transfer and fluid 
flow are adequately ouilined, with special reference to the 
problems encountered in the design of the reactor core. 

The limitations imposed by materials are discussed and 
the tabulated information allows a quick assessment to be 
made of the most probable materials which might be used 
in the construction of the core. In a book of this nature 
the nuclear design aspects must necessarily be dealt with 
in a somewhat cursory manner; this is excusable, however, 
since it is to be expected that the serious reader in this field 
will refer to the vast literature available on this subject. 
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Nevertheless, sufficient nuclear data is presented to allow 
preliminary estimates of critical core volumes and fuel 
requirements to be made. 

One of the most interesting and readable chapters 
discusses the difficulties encountered in the testing of 
nuclear rockets. Little imagination is required to appreciate 
the potential hazards and it is reassuring to read that 
possibly the most elegant method for disposing of a way- 
ward flight vehicle would be to vaporise it by pulling out 
the control rods. 

More advanced gaseous fission and fission reactor con- 
cepts are described in the final chapter and the principles of 
the ion and photon rocket are also briefly outlined. 

This book will provide much food for thought to both 
rocket and nuclear engineers although at 77s. 6d. a copy 
the diet is somewhat expensive.—G. E. PREECE. 


THE TECHNICAL WRITER. J. W. Godfrey and G. Parr. 
Chapman and Hall, London, 1959. 326 pp. Illustrated. 453s. 

In the past the technical writer often drifted into his 
profession by chance. As a result he had to acquire pro- 
ficiency in his work by trial and error, using ad hoc 
methods. As the greater need for competent technical 
writers was felt with the development of technology in the 
post-war years, so interest in their status and training has 
increased. The publication of a book on technical writing 
with its sub-title “An Aid to the Presentation and Produc- 
tion of Technical Literature” is a measure of this growing 
interest. A syllabus has recently been issued by the City and 
Guilds of London Institute of a four-year course in 
Technical Authorship leading to a qualifying examination. 
In The Technical Writer students of this course and all who 
are concerned with producing technical literature will find 
an authoritative and broad survey of the field. 

The wide sweep of this survey of all the manifold 
aspects of a technical writer's work necessarily leads in 
places in this book to over-simplification, but most technical 
writers will find it a useful work of reference. The authors 
begin with the sound premise that the technical writer needs 
to know not only how to write for specific purposes, but to 
know also which methods to select from the many printing 
and duplicating processes available for reproducing his 
work. The technical author must, in other words, be trained 


Advanced Mechanics of Fluids. H. Rouse (Editor). John 
Wiley, New York. Chapman and Hall, London, 1959. 
444 pp. Illustrated. 78s. To be reviewed. 

Adventure of the Air. James Fisher. Rathbone Books. 
London. 1958. 70 pp. Illustrated. 17s. 6d. One of 
ten books published so far in the “ Wonderful World ” 
series, this is a children’s natural history of the air in 
70 coloured pages. It discusses the atmosphere, winds. 
storms, fishes, birds and insects, and man’s efforts to 
understand the properties of air and to fly. It ends with 
a chapter on space travel. 

Aeroplane Directory of British Aviation, The. 1959 
edition. Temple Press, 1959. 610 pp. 30s. This 
follows the pattern of previous years and continues to 
be an invaluable source of information on aeronautics 
in this country and the Commonwealth. Aeronautics 
includes the guided missile programmes but “ space ” 
does not, as yet, have any effect. A reference to “ this 
geophysical year" in one of the advertisements should 
not be taken as a criterion of lack of revision in the 
directory material. 

Airline Price Policy. Paul W. Cherington. Bailey 
Brothers and Swinfen, London. 1958. 471 pp. 60s. 

To be reviewed. 
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both as a writer and a publisher, whether the material he 
issues is On a large or small scale. This book provides the 
student with an introduction to modern processes from 
printing and typography to the equipment needed in a 
technical publications unit, from photographs and blocks 
to typewriters. He will not be able to learn from the book 
how to perform the processes in detail but he will have 
been made aware of the potentialities and limitations of 
any given process. 

Experienced in writing and editing as they are, the 
authors are no doubt conscious of the difficulty of keeping 
their publication up to date at a time when techniques are 
rapidly changing and developing. We must be grateful to 
them, however, for having produced a sensible British book, 
advocating British conventions, on a subject which has 
hitherto been almost wholly the domain of pretentious 
American publications.—B. C. BROOKES. 


JETS AND ROCKETS. A. Barker, T. R. F. Nonweiler and 
R. Smelt. Chapman and Hall, London, 1959. 268 pp., 35s. 

The reviewer's greatest difficulty with this book is in 
deciding to whom it is addressed, so perhaps he will be 
excused if guessing wrongly. 

The title, layout and pretentious yet somnambulistic 
style suggest a superior sort of scientific ‘ comic "—some- 
thing to inspire the early school leaver: an impression 
which is far from dispelled when a first dip produces the 
opening page of Chapter VII, entitled * Jet Propulsion 
Generalities.” On turning the page, however, we are met 
with the calculus, and further investigation reveals that an 
elementary knowledge of both this discipline and the gas 
laws is assumed in Chapter V. Could we then be dealing 
with the science sixth? Presumably not, since in Chapter 
XV Laplace’s equation is displayed more than once with- 
out preparation, reason, or even a hint at the nature of @: 
so there seems no escaping the conclusion that the book 
is aimed at graduate level. 

Making one more effort, we find in the superficially 
useful index the entry “ Boundary Layer Theory 192” and, 
on turning to that page, feel that it would be unkind to 
go further. 

Notwithstanding this, the format is excellent.—!. M 
DAVIDSON. 


Approximate Methods of Higher Analysis. L. V. Kantor- 
ovich and V. I. Krylov. P. Noordhoff, Groningen, 
Holland. 1958. 681 pp. A translation of the fourth 
edition of a book first published in Russian in 1936. 
Since then much progress has been made in the refine- 
ment and development of approximate methods, 
especially in the U.S.S.R., and the book has been ex- 
tensively revised. This edition covers methods based on 
the representation of the solution as an infinite series, 
the approximate solution of the integral equations of 
Fredholm, the method of nets, variational methods, the 
conformal transformation of regions, principles of the 
application of conformal transformation to the solution 
of the fundamental problems for canonical regions, and 
Schwarz’s method. 

Bomber’s Eye, The. Dudley Saward. Cassell, London 
1959. 264 pp. Illustrated. 21s. To he reviewed. 
Come North with Me. Bernt Balchen. Hodder and 
Stoughton, London, 1959. 318 pp. Illustrated. 21s. 

To be reviewed. 

Conversion Factors and Tables: Part I. B.S. 350 British 

Standards Institution, London. 1959. 114 pp. ISs. 

The subjects covered are, broadly, metrology, mechanics 

and heat (not purely electrical units) and the conver- 


i 
. 
= 


THE LIBRARY—REVIEWS 


sions are from British to metric units and vice versa, 
between different British units for the same quantity, 
and between different metric units. The recommended 
abbreviations for the units are also given. In its new 
form this standard is in two parts: Part I, Basis of 
Tables and Conversion Factors: Part II (to be pub- 
lished), Detailed Conversion Tables. 

Forty-Third Annual Report 1957: Reports 1296-1341: 
National Advisory Committee for Aeronautics. 1958. 
1658 pp. Illustrated. 10.25 dollars. 

Jets and Rockets. A. Barker. T. R. F. Nonweiler, and 
R. Smelt. Chapman and Hall, London, 1959. 268 pp. 
Illustrated. 35s. Reviewed in this issue 

Metal Fatigue. J. A. Pope (Editor). Chapman and Hall, 
381 pp. Illustrated. 70s. To be reviewed. 

Nimonic Alloys, The. W. Betteridge. Arnold, London, 
1959. 332 pp. Illustrated. 80s. To be reviewed. 
Practical Metrology. Vol. 3. K. J. Hume and G. H. 
Sharp. Macdonald, London. 1959. 87 pp. Illustrated 
10s. 6d. The third of four volumes, the first two of 
which were reviewed in the JouRNAL of July 1956 
p. 495). Contains twelve further examples, more advan- 
ced than those of the earlier volumes and involving 
more elaborate equipment, and clearly laid out in the 
“Experiment - Apparatus - Method - Results - Con 
clusions” style. Two examples, chosen quite at ran- 
dom here, are “ To Calibrate a Dial Gauge” and “ To 
Compare Two Slip Gauges using an Optical Flat.” 
Rocket Propellants. Francis A. Warren. Chapman and 
Hall, London. 1958. 218 pp. Illustrated. 52s. To 


he reviewed. 
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Russian-English Glossary of Guided Missile, Rocket and 
Satellite Terms. Compiled by Alexander Rosenberg, 
Reference Department, U.S. Library of Congress, 1958. 
Sold by the Card Division Library of Congress, 
Washington 25, D.( 351 pp. 2.50 dollars. The 4,000 
terms included in this glossary were taken from U.S.S.R. 
publications during the period 1955-1958, and the 
English equivalents were based mainly on Soviet trans- 
lations of American and British publications. A 
translation of the Russian alphabet is included. 

Wiener-Hopf Technique, The. B. Noble. Pergamon, 
London. 1958. 246 pp. Diagrams. 65s. Written for 
those whose interests are in applications of the theory 
rather than in the theory itself. It includes sufficient 
material on integral equations to enable the reader to 
follow the literature, but the main emphasis lies in a 
more direct approach involving application of Fourier 
transforms to the partial differential equation, avoiding 
integral equations. 


Papers presented at the Special Anniversary Meeting of the 

Canadian Aeronautical Institute (23rd-24th February 1959). 

Preprint 

12/1 Some aspects of future air transport possibilities. 
Sir George Gardner 

12/2 A Canadian view of recent development in aerodynamic 
research. R. J. Templin 

12/3 Recent trends in aeronautics and space research in the 
United States. H. L. Dryden 

12/6 The contents of space near the earth in aerodynamic 
research. P. M. Millman 

12/7 Aircraft and spacecraft propulsion. A. M. Rothrock. 


Reports 


AERODYNAMICS 
BOUNDARY LAYER-~—see also COMPRESSIBLE FLOW 


Experiments on distributed suction through a rough porous 
surface. Cambridge University Aero. Lab R. & M. 3118. 
1959.—(1.1.5.1). 


Low-speed wind-tunnel investigation of blowing boundary-layer 
control on leading- and trailing-edge flaps of a large scale, low- 
aspect-ratio, 45° swept-wing airplane configuration. R. L. Maki 
N.A.S.A. Memo 1-23-59A. T.1.L. 6170. Jan. 1959. 

Lift, drag, and pitching moment were measured at a test 
Reynolds number of 8:2 million for various combinations of 
trailing-edge flap deflections (0° to 65°) and leading-edge flap 
deflections (0° to 70°) both with and without blowing 
boundary layer control. The effects of spanwise dis- 
tribution of leading-edge flap deflection and boundary layer 
control were studied. Blowing flow coefficients up to 0-012 
on the trailing edge flaps and 0:081 on the leading edge flaps 
were used. The angle of attack was varied from 0° to beyond 
that for maximum lift.—(1.1.6.1 x 1.3.4). 


COMPRESSIBLE FLOW—see also AEROELASTICITY 
INTERNAL FLOW 


The effect of leading-edge sweep and surface inclination on the 
hypersonic flow field over a blunt flat plate. M. O. Creager. 
N.A.S.A. Memo 12-26-58A T.1.L. 6168. Jan. 1959 

Surface pressures were measured on blunt flat plates with 
various values of angle of attack and of leading-edge sweep 
for Mach numbers of 4 and 5:7 and Reynolds numbers per 
inch of 6.600 and 20,000. Surface pressures were correlated 
for a wide range of variables by a method developed from 
boundary layer and blast-wave theory. Boundary layer thick- 
nesses and shock-wave locations were determined from flow- 
field surveys. A method was developed to predict the variation 
in local Reynolds number with leading edge sweep.—(1.2.3.2 = 
1.1.0.4 x 1.10.2.1). 


Structure of weak shock waves in a monatomic gas. L. Talbot 
and F. Sherman. N.A.S.A. Memo 12-14-58 6186. 
Jan. 1959 

The profiles and thicknesses of normal shock waves in argon 
at Mach numbers of 1°335, 1°454, 1-576, and 1-713 were deter 
mined experimentally by means of a free-molecule probe whose 
equilibrium temperature is related by kinetic theory to the 


local flow properties and their gradients. Comparisons were 
made between the experimental shock profiles and theoretical 
profiles calculated from the Navier-Stokes equations, the Grad 
13-moment equations, and the Burnett equations,—(1.2.3.2 x 
1.12.6). 


Hypersonic flow near the forward stagnation point of a blunt- 
nosed body of revolution. H. Oguchi. Aero. Res. Inst. Tokyo. 
Report 337. Nov. 1958 

A theoretical method is presented on the basis of the simplify- 
ing assumptions that the flow is incompressible downstream 
of the shock wave and the radial distance is nearly equal to 
the distance measured along the surface from stagnation point. 
These simplifications lead to good approximation, so far as the 
ratio between the densities ahead of, and just behind, the shock 
wave is sufficiently small and the field under consideration is 
restricted to the vicinity of the nose. The method yields the 
solution of the Navier-Stokes equations, both of conditions 
at the shock wave and on the surface being satisfied. The 
solution can be evaluated only by the numerical integration. 
The alternative method is presented, yielding an analytical 
expression of the solution, but being applicable only to the 
case where the Reynolds number is large. The results due to 
both methods were found very close to each other down to 
a lower Reynolds number than anticipated.—{1.2.3.1). 


CONTROL SURFACES-—-see also BOUNDARY LAYER 


All-moving wing-tip controls at subsonic, sonic, and supersonic 
speeds. A discussion of available theoretical methods and their 
application to a delta wing with half-delta controls H. H. B. M. 
Thomas and K. W. Mangler. R. & M. 3086. 1959. 

The theory has been developed and assembled in such a way 
as to be directly applicable to plan-forms, the spanwise sections 
of which consist of one segment only, and the case of half- 
delta controls on the tips of delta wings has been studied in 
some detail. Much of the theory applies also to plan-forms 
the spanwise sections of which consist, in part, of two or more 
segments, such as the swallow tail. A numerical illustration 
for half-delta controls on a 60° delta wing has been used to 
compare with free-flight transonic measurements of rolling 
moment and hinge moment.—(1.3) 


INTERNAL FLOw—see also TESTING AND INSTRUMENTS 


Performance of typical rear-stage axial-flow compressor rotor 
blade row at three different blade setting angles. M. 1. Kussoy 
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et al. N.AS.A. Memo 11-27-S8E. 6172. Jan. 1959. 
—(1.5.2.1). 


Pressure drag of axisymmetric cowls having large initial lip 
angles at Mach numbers from 1:90 to 4-90. N. E. Samanich. 
N.A.S.A. Memo 1-10-S9E. 6176. Jan. 1959.—+1.5.1x 
1.2.3.2). 


Some problems associated with the measurement of very low 
pressures. G.J. Maslach. AGARD Report 175. March 1958. 
The types of pressure-sensitive elements now used for the 
measurement of very low pressures are described and a method 
of design for the connecting line joining an orifice to a pressure- 
sensitive element is given.—(1.5.1.4 « 1.12.1 « 1.12.5). 


Loaps—see also WINGS AND AEROFOILS 


An analysis of flight-test measurements of the wing structural 
deformations in rough air of a large flexible swept-wing air- 
plane. H. N. Murrow. N.A.S.A. Memo 12-3-S58L. T.L.L. 
6179. January 1959. 

From power spectral techniques, frequency-response functions 
are obtained for the deflection and twist responses at three 
spanwise locations to vertical gusts, and the results are com- 
pared with those obtained for a reference quasi-static aeroplane. 
—(1.6.3 x 2 « 13.2 33.2.3.2). 


STABILITY AND CONTROL—see also AEROELASTICITY 
MATHEMATICS 


Flight investigation of the stability and control characteristics 
of a 1/4-scale model of a tilt-wing vertical-take-off-and-landing 
aircraft. L. P. Tosti. N.A.S.A. Memo 11-4-58L. T.1.L. 6178. 
Jan. 1959. 

The model had two propellers with hinged (flapping) blades 
mounted on the wing which could be tilted up to an incidence 
angle of nearly 90° for vertical take-off and landing. The model 
had conventional aileron, rudder, and elevator controls for 
forward flight. For hovering flight, jets at the tail provided 
pitch and yaw control and differential total pitch of the pro- 
pellers provided roll control. The investigation consisted of 
hovering flights in still air, vertical take-offs and landings, and 
slow constant-altitude transitions from hovering to forward 
flight. —(1.8.1.1 1.8.2.1). 


Force-test investigation of the stability and control character- 
istics of a 1/4-scale model of a tilt-wing vertical-take-off-and- 
landing aircraft. W. A. Newsom and L. P. Tosti. N.A.S.A. 
Memo 11-3-58L T7.1.L. 6177. Jan. 1959. 

The investigation included measurements of both the longi- 
tudinal and lateral stability and control characteristics in both 
the forward flight and transition ranges. Tests in the forward 
flight condition were made for several values of thrust coeffici- 
ent and tests in the transition range were made at several values 
of wing incidence with the power varied to cover a range of 
flight conditions from forward acceleration (or climb) condi- 
tions to deceleration (or descent) conditions.—(1.8). 


Effects of fuselage nose length and a canopy on the low-speed 
oscillatory yawing derivatives of a swept-wing airplane model 
with a fuselage of circular cross section. J. L. Williams and 
. R. DiCamillo. N.A.S.A. Memo 1-15-59L. T.LL. 6184. 
Jan. 1959. 

Data were obtained at various frequencies and amplitudes for 
angles of attack from 0° to about 32°. Static lateral and 
longitudinal stability data are also presented. The data were 
obtained at a Mach number of 0°13 and a Reynolds number of 
about 0°83 x 10°®.—(1.8.1.2 x 1.8.2.2). 


Experimental determination of effects of frequency and ampli- 
tude on the lateral stability derivatives for a delta, a swept, and 
an unswept wing oscillating in yaw. L. R. Fisher. N.A.C.A. 
Report 1357. 1958. 

Three wing models were oscillated in yaw about their vertical 
axes to determine the effects of systematic variations of fre- 
quency and amplitude of oscillation on the in-phase and out- 
of-phase combination lateral stability derivatives resulting from 
this motion. The tests were made at a Mach number of 0°13 
and Reynolds numbers of 1:6 10° for the 60° delta wing and 
0-71 x 10* for the 45° swept wing and the unswept wing.— 
(1.8.1.2 1.10.2.2). 


THERMO-AERODYNAMICS 


A Deuce programme for the solution of two-dimensional heat- 
flow problems. K.1. McKenzie. C.P. 417. 1959. 
A programme is devised to calculate by a finite difference 
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method the transient temperature distributions in any cylin- 
drical body, provided its cross-section can be mapped on a 
square network in such a way that no line of the net crosses 
its boundary more than twice. The programme requires the 
boundary conditions to be linear functions of temperature and 
heat flux, independent of time.—(1.9.1 x 18 x 22.1) 


Free-flight investigation of a rocket-propelled model to deter- 
mine the aerodynamic heating on a thin, unswept, untapered, 
multispar, aluminum-alloy wing at Mach numbers up to 2-22. 
E, W. Stephens. N.A.S.A. Memo 12-15-58L. T./.L. 6180. 


Jan. 1959.—(1.9.1). 


WINGS AND AEROFOILS—see also COMPRESSIBLE FLOW 
STABILITY AND CONTROL 


The shape of the centre part of a swept-back wing with a 
required load distribution. J. Weber. R. & M. 3098. 1959. 
(1.10.1.2 x 1.6.1). 


Note on the lift slope, and some other properties, of delta and 
swept-back wings. E. F. Relf. R. & M. 3111. 1959 
(1.10.0.2). 


Basic pressure measurements at transonic speeds on a_ thin 
45° swept back highly tapered wing with systematic spanwise 
twist variations. Wing with linear spanwise twist variations 
J. P. Mugler. N.A.S.A. Memo 12-28-58L. T.1.L. 6182. Jan 
1959. 

Pressure data are presented which were obtained in the Langley 
8 ft. transonic pressure tunnel. Tests were made at Mach 
numbers from 0-800 to 1:200 at stagnation pressures of 1:0 and 
0:5 atmosphere, and at angles of attack from —4° to 12°. The 
wing has 45° sweepback of the quarter-chord line, taper ratio 
of 0-15, and an aspect ratio of 4. The wing was cambered and 
had a thickened root section.—(1.10.2.2 x 1.6.1 x 2). 


HELICOPTER AERODYNAMICS 


A wind-tunnel investigation of rotor behavior under extreme 
operating conditions with a description of blade oscillations 
attributed to pitch-lag coupling. J. W. McKee and R. 1 
Naeseth. N.A.S.A. Memo 1-7-59L. T.1.L. 6183. Jan. 1959. 
A }t-scale model of the front rotor of a tandem helicopter was 
tested to obtain blade motion and rotor aerodynamic character- 
istics for conditions that could be encountered in high-speed 
pullout manoeuvres. The data are presented without analysis. 
A description is given of blade oscillations that were experi- 
enced during the course of the investigation and of the part 
that blade pitch-lag coupling played in contributing to the 
oscillatory condition.—(1.11.3). 


TESTING AND INSTRUMENTS——see also COMPRESSIBLE FLOW 
INTERNAL FLOW 
ScliENCE—GENERAI 


Static and dynamic response of a design of differential pressure 
yawmeter at supersonic speeds. L. J. Beecham and S. J. Collings. 
CP. 414. 1958. 

The instrument is shown to resolve accurately when rolled out 
of the free stream incidence plane. Relations are developed 
from which a close approximation to the Mach number, 
incidence and roll angle may be obtained without recourse to 
calibration curves. The dynamic behaviour of the instrument 
and associated pressure pick-ups is examined, and a design 
developed for which the acoustic natural frequency is high 
compared with that likely to be encountered in flight.—(1.12.5). 


A simple method of improving the supersonic velocity distri- 
bution in a transonic tunnel having slotted walls. C. N. Hall. 
C.P. 421. 1959, 

This note describes how the centre-line distribution of Mach 
number in the R.A.E. 8 ft. x 6 ft. transonic tunnel has been 
modified at supersonic speeds by means of curved lengths of 
perforated steel plate set behind a proportion of the suction 
slots in the walls of the working section.—(1.12.1.2 x 1.5.1.4). 


Techniques of pressure-fluctuation measurements employed in 
the R.A.E. low-speed wind tunnels. T. B. Owen. AGARD 
Report 172. March 1958. 

A technique has been developed for examining, at model scale 
and in a low speed wind tunnel, the aerodynamic excitation 
responsible for aircraft vibration at flight speeds where Mach 
number does not have an important effect. The basic measure- 
ments are of the total intensity and spectrum function of the 
pressure fluctuations.—(1.12.6.1). 


Progrés des constructions des souffleries supersoniques du 
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Centre d'Essais de Modane-Avrieux. M. Pierre. O.N.E.R.A 
N.T.50. 1959. (In French). 

Up-to-date information on the characteristics and constructional 
details of the supersonic wind tunnels at the Centre d’Essais de 
Modane-Aurieux is given. These wind tunnels are The 
continuous S2 MA 1°85m. by 1:75 m. 09<M<32 The 
intermittent S3 MA M=5°:5, running time from 30 to 60 secs. 
The intermittent SS MA M=4'5, at a pressure equivalent to 
that at an altitude of 30 kms, running time 50 to 90 secs. 


(1.12.1.3). 
AEROELASTICITY 


See also ABRODYNAMICS~-LOADS 
WINGS AND AEROFOILS 


The R.A.E. electronic simulator for flutter investigations in six 
degrees of freedom or less. F. Smith and W. D. T. Hicks. 
R.& M. 3101. 1959 

The design and construction of an electronic simulator for 
flutter investigations in any number of degrees of freedom not 
exceeding six are described. The principles of the simulation 
are discussed, and the actual circuits of the machine are 
described in some detail. The advantages and limitations of 
this method of solving flutter equations are considered, and 
developments and applications discussed.—{2 x 18 x 33.1.2) 


On the stability of a panel moving in a gas. A, A. Movchan 
N.A.S.A. R.E. 11-21-58W T.A.L./R.P.N./1\. Jan. 1959 

Panel flutter and divergence of thin rectangular panels with 
two simply supported edges oriented parallel to a high super- 
sonic flow are investigated on the basis of thin-plate theory 
and aerodynamic “ piston theory.” The existence of flutter is 
proved and the influence of such factors as panel mass, a 
stationary fluid beneath the panel, midplane forces, and finite 
length in the flow direction are discussed. Numerical results 
are given for square steel panels in sea-level air with simply 
supported and clamped edges perpendicular to the flow 
(2 x 1.2.3.1 x 33.1.2) 


On the vibrations of a plate moving in a gas. A. A. Movchan 
N.A.S.A. R.E. 11-22-58W T.1.L./R.P.N./2. Jan. 1959 

Panel flutter and divergence of an infinitely wide cantilever plate 
with edges oriented perpendicular to a supersonic flow are 
thoroughly investigated using aerodynamic “ piston theory.” 
Numerical results are presented.—{2 x 12.3.1 * 33.1.2). 


Effects of large wing-tip masses on oscillatory stability of wing 
hending coupled with airplane pitch. D. T. Higdon. N.A.S.A 
Memo 12-29-58A. T.1.L. 6169. Jan. 1959. 

An examination of oscillatory wing-bending stability for a 
straight-winged aeroplane with large concentrated wing-tip 
masses was made using wing bending and aeroplane pitching 
degrees of freedom.—{2 x 1.8.2.1). 


DESIGN AND CONSTRUCTION 
See also PROPELLERS 


Investigation of the maximum spin-up coefficients of friction 
obtained during tests of a landing gear having a Static-load 
rating of 20,000 pounds. S. A. Batterson. N.A.S.A. Memo 
12-20-S58L. T..L. 6181. Jan. 1959. 

An experimental investigation was made at the Langley landing 
loads track to obtain data on the maximum wheel spin-up 
coefficients of friction developed during landing.—(4.2.2.3 x 
33.2.3.5). 


AIRCRAFT OPERATION 


Development of a method and instrumentation for evaluation 
of runway roughness effects on military aircraft. C.K. Grimes. 
AGARD Report 119. May 1957. 

A method for prediction of aeroplane response during taxying 
over rough runways is developed. The techniques of general- 
ised harmonic analysis are used to predict: (a) number of 
occurences of loads exceeding .a specified magnitude, and (h) 
probability of exceeding a load of specified magnitude. The 
method is applicable to design for fatigue aspects as well as 
for criticality of loads developed during taxying.—(5 x 33.1.2). 


ELECTRONICS 
See also MATHEMATICS 


4.C. Servo-amplifier design using silicon transistors. Part ] 
Output stages. J. E. Chambers and J. H. Thorp. Semi: App: 
Report Vol. 1, No.1. March 1958.—(11 « 18.1) 
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Introduction to silicon semiconductor devices. J. T,. Kendall 
and W. A, Yates. Semi: App: Report Vol. I, No. 2. May 
1958.—(11 x 21.3.4) 


The use of heat sinks with silicon power transistors. D. M. 
Goodway and J. 8S. Walker. Semi: App: Report Vol. I, No. 3. 
Oct. 1958.—(11 « 21.3.4 x 34.3) 


D.C. power supply circuits using silicon rectifiers. B. A. Unvala. 
Semi: App: Report Vol. I, No. 4. Feb. 1959.—(11). 


FLIGHT TESTING 
See also AERODYNAMICS—LOADS 


Application of dynamic testing procedures to stability and 
control flight test programs. W. W. Huff. AGARD Report 
191. April 1958 

Transient response testing is discussed from the points of view 
of aiding in the rapid extension of the flight envelope of a new 
model aeroplane, and introducing new test pilots to the subject 
of dynamic testing for stability and control characteristics. 
(13.2). 


Flight testing of automatic stabilisation and control systems in 
manned aircraft. H.W. Turner. AGARD Report 192. April 
1958. 

Procedures which have been evolved at the A. & A.E.E., 
Boscombe Down, for the flight testing of automatic stabilisation 
and control systems, are summarised. Two types of automatic 
control systems are discussed: auto-stabilisation systems with 
limited control authority, and auto-pilot systems (or automatic 
pilots) which may have considerable control authority. Test 
instrumentation for these two types is also discussed and the 
procedures and techniques used to evaluate the aircraft/auto- 
matic control system combination for a particular task are 
described.—(13.2) 


FUELS AND LUBRICANTS 
See POWER PLANTS 
HYDRODYNAMICS 


Ecoulement des liquides visqueux dans des canaux resserrés 
ses lois, ses applications. M. Brunet. Pubs. Se. et Tech. 
B.S.T. 121 1958. (n French) 

Theoretical and experimental study of various phenomena 
which modify the laws of motion of very viscous liquids at 
high speeds is described. Application to a new type of 
hydraulic damper is given.—(17.1) 


Nouveaux compléments hydraulique Troisieme partie. 
L. Escande. Pubs. Sc. et Tech. 346. 1958. (In French.)}— 
(17.1). 


Influence de I'hystérése capillaire sur l'ecoulement d'un liquide 
cas des oscillations dans un tube en U application aux metaux 
fondus. Mme. Huetz-Aubert and J. Huetz. Pubs. Sc. et. Tech. 
347. 1958. (In French.) 

Theories based on viscosity alone are not sufficient to account 
for the flow of certain liquids with free surfaces, in particular 
for molten metals. An additional force term must be intro- 
duced into the equation of motion and it is shown that this 
force is proportional to the length of the gas-liquid-solid 
junction curves and is of capilliary origin. In spite of a lack 
of dynamic physical-chemical data, a reasonable agreement 
has been obtained between the theory and experimental 
measurements for the period of damping of oscillations of 
liquid in a U-tube.—(17.1). 


A theoretical and experimental study of planing surfaces in- 
cluding effects of cross section and plan form. C. L. Shuford. 
N.A.C.A. Report 1355 (Supersedes N.A.C.A. T.N. 3939). 1958. 


A summary is given of the background and present status of 
pure planing theory. Data for models having sharp chines 
have been obtained for a rectangular flat plate and two 
V-bottom surfaces having constant angles of dead rise of 20° 
and 40° and also for rectangular-flat-plate surfaces having very 
slightly rounded chines The theory presented in N.A.C.A. 
Technical Note 3233 for a rectangular flat plate is revised and 
extended.—(17.2) 
INSTRUMENTS AND EQUIPMENT 


See also AERODYNAMICS—THERMO-AERODYNAMICS 
ELECTRONICS 
POWER PLANTS 
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Preliminary development of telemetry for aeroballistic ranges. 
M. K. Kingery. A.S.T.1.A. Doc. A.D.-208692. Feb. 1959. 

Early telemetry work, undertaken in connection with the 
development of the hypervelocity aeroballistic range at 
A.E.D.C., is discussed. The development of a one-channel, 
telemeter oscillator is described. Launching and _ recovery 
technique and accompanying instrumentation apparatus are 
explained. Typical test data are presented.—(18.1 x 25.2). 


MATERIALS 
See also ELECTRONICS 
THERMODYNAMICS 


Machine pour le polissage électrolytique de piéces de révolution. 
P. David. O.N.E.R.A. N.T. 51. 1959. (In French).—(21.5). 


Note on the compressive and bending strength of fiber-glass 
reinforced plastic plates. J. P. Benthem. N.L.L.-T.N. §.531. 
Oct. 1958. 

With the aid of a simplified model consisting of many thin 
layers, alternatively of glass and of plastic, which show a wave 
form (like warp and weft threads), an explanation is attempted 
for the fact that above a certain glass percentage the compres- 
sive strength does not increase with the glass percentage and 
that the bending stress at failure increases if thickness 
decreases.—(21.3.3 33.2.4.6 33.2.4.6.2). 


Ceramics and glass and their application in modern aeronautics. 
L. Zagar. AGARD Report 179. April 1958. 

The development of silicates and their application in the field 
of aeronautics are discussed. Glass, ceramics, and oxy-ceramic 
materials are dealt with and the properties of these materials 
are discussed.—(21.3.1 « 21.3.3). 


Some fundamental features of mechano-chemical attack on 
metals. T. P. Hoar. AGARD Report 158. Nov. 1957. 

The behaviour of oxide films under conditions leading to their 
chemical failure, and under fretting, fatigue and static stress 
conditions, is discussed.—(21.2 x 31.2.2.2.1.7). 


MATHEMATICS 
See also ABRODYNAMICS-——THERMO-AERODYNAMICS 


Metallographic changes associated with fatigue deformation in 
the interior of aged ternary aluminium-zinc-magnesium 
alloys. 1. J. Polmear and I. F. Bainbridge. A.R.L. Report 
M.E.T. 31. Oct. 1958. 

Metallographic observations have been made of the deforma- 
tion associated with the fatigue process in a series of aged 
ternary aluminium-zinc-magnesium alloys all of which had 
similar ultimate tensile strengths.—(22.2.2 x 31.2.2.3.1.2) 


Représentation direct par analogie rhéoélectrique des gradients 
de fonctions harmoniques endomaine plan limité ou illimité. 
G. Renard. Pubs. Sc. et Tech. N.T. 78. 1958.—(22.1). 


Maximum likelihood estimators for truncated samples from 
normal populations. D. G. Ford. A.R.L. Report S.M. 264 
Oct. 1958 

When a structure is tested in fatigue at a given load range 
there is usually a number of possible failure types. If just 
one type occurs then some information regarding the other is 
censored, This is also possible in other types of test. Under 
certain conditions, notably that different types of failure are 
independent, equations for maximum likelihood estimators of 
parameters for each type have been found. A method of 
solution is outlined.—(22.1 x 31.2.3). 


On the structural stability of a certain class of linear motions 
S. Lehnigk. AGARD Report 194. April 1958. 

The structural stability of a certain class of linear motions is 
dealt with. The problem is a mathematical one. Two examples 
of flight mechanics are given. The first deals with the auto- 
matically controlled longitudinal motion of an aeroplane with 
variable centre of gravity location. The second considers the 
structural longitudinal stability of an aeroplane with regard to 
the stationary flight path velocity.—(22.2 x 1.8.2). 


Spectral methods for the study of servo circuits defined by 
linear differential equations with stochastic coefficients 
M. Sundstrém. K.T.H. Aero T.N. 48. 1958. 

An attempt is made to modify the spectral methods deduced 
in reports K.T.H. Aero T.N. 44 and 45 for the study of 
servo circuits defined by linear differential equations with time- 
variable, non-stochastic coefficients.—{22.1 x 11). 
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See INSTRUMENTS AND EQUIPMENT 
POWER PLANTS 


Propellant vaporization as a criterion for rocket-engine design; 
experimental performance, vaporization, and heat-transfer rates 
with various propellant combinations. B. J. Clark et al. 
N.A.S.A. Memo 12-29-58E. T.1.L. 6175. Jan. 1959. 
Experimental combustion efficiencies of 11 different propellant 
combinations were determined in a nominal 200 lb. thrust 
rocket engine at three chamber lengths.—(27.3.2 14 x 34.1.1). 


Computer program for solving nine-group diffusion equations 
for cylindrical reactors. J. W. Miser et al. N.A.S.A. Memo 
12-24-S8E. TI.L.6174. Jan. 1959. 

A method is presented for determining the critical size of a 
cylindrical reactor by a one-dimensional group-diffusion method 
extended to a two-dimensional solution by prescribing values 
of axial leakage based on assumed flux levels.—(27.6 x 18) 


PROPELLERS 


Differential equations of motion for combined flapwise bending, 
chordwise bending, and torsion of twisted non-uniform rotor 
blades. J. C. Houbolt and G. W. Brooks. N.A.C.A. Report 
1346. (Supersedes N.A.C.A.T.N. 3905.) 1958. 

The differential equations of motion for the lateral and torsional 
deformations of twisted rotating beams are developed for 
application to helicopter rotor and propeller blades.(29.6 » 
4.4.1 X 33.1.2 x 33.2.4.1.5). 


FATIGUE 
See MATERIALS 
MATHEMATICS 


SCIENCE—GENERAL 


The optics of the Mach-Zehnder interferometer. L. H. Tanner 
R. & M. 3069. 1959.—(32.2.4 x 1.12). 


STRUCTURES 


Loaps-—see AEROELASTICITY 
AIRCRAFT OPERATION 
PROPELLERS 


THEORY AND ANALYSIS-—-see also AERODYNAMICS —LOADS 
DESIGN AND CONSTRUCTION 
MATERIALS 
PROPELLERS 


Post buckling behaviour of structures. A van der Neut. 
AGARD Report 60. Aug. 1956. 

Weight efficiency when using thin plates in aircraft structures 
requires increasing load carrying capacity beyond buckling 
load. In this respect flat plates supported along their edges 
differ favourably from columns and curved plates. Solutions 
established for flat plate at constant temperature and for thermal 
loading are discussed and compared to available experimental 
evidence.—(33.2.4.5.6 x 33.2.4.3.6). 


THERMODYNAMICS 


See also ELECTRONICS 
POWER PLANTS 


A study of oxidation of hydrogen based on flashback of 
hydrogen-oxygen-nitrogen burner flames. B. D. Fine. N.A.S.A 
Memo 12-23-58E. T.1.L. 6173. Jan. 1959. 

The flashback of hydrogen-oxygen-nitrogen flames was measured 
at reduced pressures as a function of burner diameter, pressure 
and mixture composition. On the assumption that the critical 
boundary velocity gradient for flashback is a measure of the 
mean reaction time within a flame, the data were used to 
evaluate parameters in the rate expression for the flame 
reaction.— 34.1.1). 


Measurements of total hemispherical emissivity of several 
stably oxidized metals and some refractory oxide coatings. 
W. R. Wade. N.A.S.A. Memo 1-20-59L. T.1.L. 6185. Jan 
1959. 

Methods used to obtain oxide coatings of high emissivity 
suitable for application to the radiative cooling of hypersonic 
aircraft are presented. Values of total hemispherical emissivity 
were obtained for several high-temperature materials. Measure- 
ments of the total normal emissivity of flame-sprayed coatings 
of alumina and zirconia are also included.—(34.3.1 x 21.2) 
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This section of THe JouRNAL is available for advertisements of appointments in the Industry, 


Press Day—20th of the month preceding publication. 

Rates—8/- a line. Each paragraph is charged separately and name and address 
must be counted. Semi-displayed setting £4 0s. Od. per column inch. 
Box Numbers—1/- extra. Replies should be addressed to: Box 000, care of 
THe JourNAL of the Royal Acronautical Society, 1 Arundel Street, Strand, 

London W.C.2 


NORTHAMPTON COLLEGE 
of Advanced Technology 
St. John Street 
LONDON E.C.1 


Aeronautical Engineering— 
Appointment of Head of Department 


The college is one of the eight Colleges of Advanced Tech- 
nology It is concerned with full-time degree, Sandwich 
Diploma-in-Technology and advanced courses in engineering 
and science. 

The Governing Body invites applications for the HEADSHIP 
of a new department of AERONAUTICAL ENGINEERING 
The person appointed will be required to organise the consider- 
able volume of existing advanced work (including Structures, 
Aerodynamics and Propulsion) and to develop post-graduate 
courses and research projects. He will be encouraged to main- 
tain contact with industry, e.g. as consultant, by membership of 
advisory committees, etc. 

Applicants should be well qualified professionally and must 
have had recent industrial experience. 

The salary scale is the Burnham Grade V, i.e. £2,032 x £52 10s, 

£2,202 per annum. 

Forms and further particulars available from the Secretary. 

J. S. TAIT, Ph.D.. B.Sc.(Eng.), 
M.LE.E., M.1.Mech.E 


THE COLLEGE OF AERONAUTICS 
One Year Post-Graduate Course in the Physics and 
Mechanics of Structural Materials 1959-1960 


Applications are invited for the one year course which begins 
on Sth October 1959. Prospective students must be of graduate 
status in an appropriate branch of science or engineering and 
must have practical experience in one of the fields covered by 
the course. 

The purpose of the course is to give instruction in the 
analytical methods of the theories of elasticity and plasticity 
and in the basic theories of the nature of materials derived from 
the sciences of physics, chemistry and metallurgy. 

Further information and forms of application may be 


obtained from: The Warden, The College of Aeronautics, 


Cranfield, Bletchley, Bucks. 


the Ministries, Research Establishments, Universities and Colleges. 


Brentford Division’s Aeronautical Engineering Team 1s 
now entering an intensive development cycle on a number 
of major interesting problems including advanced 
navigational instruments of inertial quality, and complete 
control and instrumentation systems for new civil air- 
liners, military aircraft and helicopters. 

This division's Marine Engineering activities are also 
being expanded. 

Enquiries are invited from professionally qualified 
Electro-Mechanical and Electronic Engineers who seek 
more interesting work, more responsibility and a higher 
salary and in return can offer at least 5 years experience 
in the design and development of precision equipment 
and systems. These posts are at Senior and Intermediate 
level and are not suitable for recent graduates 

Please write in the first instance, giving brief details of 
qualifications, experience and present salary to: 


R. W. H. LUBBOCK, B.Sc. 
SPERRY GYROSCOPE COMPANY LTD. 
Bracknell Berks. 
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Remittances—Cheques and posta! orders should be made payable to the 
Journal of the Royal Acronautical Society, One Arundel Street, Strand, 
Loadoa, W.C.2. 

The Society reserves the right to decline any copy or advertisement at its 

discretion and accepts no responsibility for delay in publication or for 

clerical or printer's errors, although every care is taken to avoid mistakes. 


THE UNIVERSITY OF SOUTHAMPTON 
Research in Hypersonic Aerodynamics 


Applications are invited for appointment to two posts of 
Research Assistant to undertake interesting theoretical and 
experimental work in the Department of Aeronautical Engineer- 
ing. The research, which is sponsored by the United States Air 
Force, will involve measurements in a hypersonic wind tunnel 
and the construction and use of a high temperature plasma arc 
for aerodynamic testing purposes. Candidates should have 
experience in aeronautical or electronic engineering or in 
physics. Salary according to qualifications and experience 
within the range £450-£900 per annum. Applications (two copies) 
containing the names of two referees should be sent to the 
Secretary and Registrar, as soon as possible. 


Instituto Tecnolégico de Aeronautica 
Sao José dos Campos, Sao Paulo, Brazil 


Applications are invited from aeronautical engineers with 
considerable experience in experimental stress analysis and 
instrumentation to fill a position in the Structures Department 
of the above Institute. Appointment will be as Assistant or 
Associate Professor. Duties include teaching, research and 
consultant work for industry. Full details of age, nationality, 
number of dependants, education, experience, publications, 
inexpensive photograph, etc., should be sent by air mail to 
Rector S. S. Steinberg. The names of three referees are required. 
Contracts are normally for four years with Ist class passage 
both ways. Liberal salaries, in local and foreign currency, tax 
free, furnished houses, and other advantages. 


THE COLLEGE OF AERONAUTICS 


Applications are invited for the following appointments in the 
DEPARTMENT OF AIRCRAFT DESIGN: 


LECTURER in AERO-ELASTICITY. Candidates should have 
had several years’ practical experience in industry or research. 


LECTURER in AIRCRAFT SYSTEMS ENGINEERING. 
Candidates must be familiar with servo-mechanism theory. 
Several years’ practical experience, in connection with aircraft 
or missiles, of one of the following is essential: hydraulic or 
pneumatic actuation; fuel systems; air conditioning or de-icing. 
Candidates for both appointments should be of graduate status 
in science or engineering. Salary in scale £900 £50 to £1,350 
x £75 to £1,650 p.a., depending on qualifications and experience 
with F.S.S.U. and family allowance. Applications, giving full 
particulars and quoting the names of three referees, to The 
Recorder, The College of Aeronautics, Cranfield, Bletchley, 
Bucks. Further particulars available. 


Blackburn 


offer 
interesting and progressive careers to 
Designers and Technicians in the 
Aircraft and Gas Turbine industries. 
If you are an A.F.R.Ae.S. or possess 
an equivalent qualification, 


please write to: The Technical Staff Manager 


BLACKBURN & GENERAL AIRCRAFT LIMITED 
BROUGH, EAST YORKSHIRB 
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UNIVERSITY OF GLASGOW 
Lectureship in Aircraft Structures and Design 


——- are invited for a Lectureship in Aircraft Structures 
and Design. Salary scale: £900—£1650 per annum. Initial 
salary according to experience and qualifications. F.S.S.U. and 
family allowance benefits. 

Applications (8 copies) should be lodged, not later than 30th 
June 1959, with the undersigned, from whom further particulars 


may be obtained. 


ROBT. T. HUTCHESON 
Secretary of University Court 


UNIVERSITY OF GLASGOW 
Research Assistantship in Aeronautics 


Applications are invited for a Research Assistantship in 
Aeronautics. Salary scale: £700—£850 per annum. Initial salary 
according to qualifications and experience. F.S.S.U. and family 


allowance benefits. 
Applications (3 copies) should be lodged, not later than 30th 


June 1959, with the undersigned, from whom further particulars 
may be obtained. 
ROBT. T. HUTCHESON 


Secretary of University Court 
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FIRTH-VICKERS STAINLESS STEELS LTD 


STAINLESS STEEL 


THE BRITISH REFRASIL CO. LTD. 


LIGHTWEIGHT, HIGH TEMPERATURE INSULATION 


HUNTING AIRCRAFT LTD 


BRITISH THOMSON-HOUSTON CO. LTD. 
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K.L.G. SPARKING PLUCS LTD 


KLG 


SPARKING PLUGS AND 
IGNITION EQUIPMENT 


LIGHT-METAL FORGINGS LTD 


ROTAX LTD 


ROTAX 


AIRCRAFT ELECTRICAL ENGINEERS 


LOCKHEED PRECISION PRODUCTS LTD 


ROYAL AERONAUTICAL SOCIEIY 


DATA SHEETS 
MONOGRAPHS 


JOSEPH LUCAS (CAS TURBINE EQUIPMENT) LTD 


LUCAS 


SMITHS AIRCRAFT INSTRUMENTS LTD 


SMITHS 


SMITHS AIRCRAFT INSTRUMENTS LTD. 


REDIFON LTD 


Kedifon 


FLIGHT SIMULATOR 
DIVISION 


CRAWLEY - SUSSEX - ENCLAND 


THE UNITED STEEL COMPANIES LTD. 


“RED FOX” 


HEAT RESISTING 


STEELS 


S. FOX & CO. LTD. SHEFFIELD 


WESTLAND AIRCRAFT LTD. 


Ss- WESTLAND 
The Hallmark of British Helicopters 


Westland Aircraft Limited, Yeovil, England na 
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Blackheath, Birmingham. 
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Argyle Street Works, Birmingham 7 East 1521 
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Wolverhamptoa. Fordhouses 3191 


B.P. Aviation Service anp B.P. Lrp. 
Shell-Mex House, Strand, London W.C.2. Temple Bar 1234 


Barstow Arrortane Co. Lrp. 
Fitton House, Bristol, Gloucestershire. Filton 3831 


Baistot Sippetey ENorves Lrp. 
London Office: Ormonde House, 26/27 St. James 
Street, London S.W.1 WHI 4126 
Bristol: P.O. Box 3, Filton, Bristol, England. Filton 3871 
Coventry: P.O. Box 17, Coventry, Warwickshire, 
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Barris OVERSEAS AiRWAYS CORPORATION 
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